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I‘Ri:fa('k 


In })lacni^^ the* pi’csont work in tlu' Imnds of uheinical 
manufacturers, chemical (MiffiinaTs, and works cluMuists, 
the object of tlie autliors has not bee.ii to add to the 
treatis(is on clumiical enj^imauinji which are already in 
existence'. They have simply attempted to condemse 
into a series of monogiaplts tin* fruits of some^ twenty 
years’ ew'pm’ie'iic.e oi the actual (h^si^nin*^ of chemical 
works and the seh'ction of clnanical plant, siipplement- 
inj^ the lctt(‘rpr(‘ss with a s(‘ri(\s of actual working draw- 
ings such as have* not liitln'ito Ixu'n pres(*nted in a 
volunu* of this nature. 

In works of tlie (‘ustomary type* dealing with chemi- 
cal emgiiK'eiing, {uinit)let(‘ working drawijigs, such as will 
be found in these* ])age‘s, ai'e* ver} infre*(pient. The* authe)rs 
ejf theoretical hanelbooks on this subje'e^t have ele*alt at 
length with the- t.he‘e)rv e)f ele*sign, but the*y seilele)m ])re)- 
viele the^ manufacture*r en* \\e)rks manage-r with suedi 
elrawings as will assi.st him in the* elewigning e)f a now 
w’e)rks en- the ieme)ele*lling e)f an e)lel erne. The* re*-ase)n 
for this eunissie)!! is, e>f e‘e)urse‘, edwiems, Seime* attempt 
has been maele by the authors e)f the jjre'.seiit ve)lmne te) 
remedy this e)niissie)n. TTie^ elrawings includeel in the 
(jaiTier sectie)ns embexly the^ result of actual experience 
in planning chemie*al wewks. The authors make ne) 
claim te) finality in i)re!senting the various arrangements 
suggested, but the manufacturer e)r engineer- wlu) studies 
the drawings is siinjily assurt)d that the practice which 
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is tli(‘n*in iii(li(‘at(‘d has Ixaai followc'd with a Iarg(5 
liU'asurc ot siicct'ss in (‘xi^tin^ works hotli at home* and 
abroad. 

( oinincnciiin' with soiik' coiLsidoration of tin* import- 
ant (jiiostion of th(* selectin''; of a. sit(^ for a new works, 
])raetieal hints ai C* j^iven as to tlu^ layin<»’ out of the land, 
tin* utilization to tin* Ix'st advantaj'c of tin* various 
h'Vels whi(*h ai‘(' ui'iun'ally to be found, and th(‘ jnovision 
of such iin])ortant adjnnets as railway sidiii'^s, ('te. The 
(jiK'stioii of fonmlations is d(‘all. with and tlu^ best 
arran; 4 (‘iuent ot the <b‘aina<;(^ is iudieat(‘<l. A fi'W notes 
on niat(‘rials list'd in eonstrnetion are next considered, 
and. following' this, tin* first principles to be observed 
in th(' actual laying out of a woi'ks aia* dealt M’ith. 
(jtiU'stions ot transport by rail orwatei' call for attention, 
and th(' inakinji of roa.ds for inti'rnal connnnnication 
between the dillerent .sections of a lai’i^e. works is not 
lOst si^ht of. The dt'.sign and t'ri'etioii of the various 
buildings nei'd to be carefully considered, and here soni(‘ 
useful hints as to tin* best arrau'.'i'UK'nts to seeuri' a 
proper seijiu'uee of op('ra.lions will be foiiinl. As tin' 
voluiiK' is inUmdi'd to b(* (sjually u.seful to the nianafJte- 
UKMit of lai’^e luanufacturinii' (‘.slablishuumts as to smaller 
('(mcern.s, it will be found that ipu'stions such as thi*. 
plaunini;’ of tlu' various arti.saus’ shojis and stoii's find 
a place in this si'ction of th(‘ book, Souu' notiiu' of 
the ari'anoiMueuts for lirieprevi'ution, and the orj^aniza- 
tion of woi’k' lire bri<,^*lde.s, will be found of interi'.st, 
while hints on ambulance arrani;’ement.s and ])rovisioii 
for (h^alini*- with the accidents iuevitabh' in all lar^e 
works are also ij;iven. 

llavin<j; dealt with the »,nudint!; jwiiiciples which 
should be followt^d in the .selection of the site, the 
matei'ials used, and the best practice in })laiming a works, 
a eha})ter is (U'voted to the important subject of power 
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plant. A modern power-house is described, and al- 
thongli tin's may be regarded as somewhat of an ideal 
ari-aii^ement, the principles which are laid down are 
those which are now observ(‘d in the most ii])-to-datt^ 
works, and the manufacturer wdio operates on a modcvst 
scale will not fail to s(^curo soim^ useful hints from a 
summary of the best ])ra(;tic(^ in the generation and 
application of junver. 

8nbs('(pient chapters d(\d with that class of chemical 
plant into which constructional enpne(‘rin;^ (inters V(irv 
largely, and herci ae;ain it will be found that much in- 
formation not usually jjjiven in books of this descrij)tion 
has b(‘en included. The sj)ecinl ty|H‘s of buildings snit- 
ahle for the lioiisinjj^ of chcimical jilant have laxm dcialt 
with in a i)i'acti(5al manner. Tliis .section of tlni book 
has been chi('tly de\oted to (hitaihid descriptions of 
sulphuric achl })lant, nitric acid plant, hydrochloric acid 
plant, artificial nianurci ])la.nt. and sulphate of ammonia 
plant. The workiiii^ drawinj^s which are incorporated 
in this .s(‘ction rei)r(‘sont a(;tual designs worked out 
in the li<!;ht of a l(ni<it experimice of tln^ c<)nditions of 
manufacturi* which obtain in this country. Each si'ction 
dealiiiijj Avith a sjKH'it'u^ type of plant has Ixuai so modelled 
as to include' the (lesion of buildini^s most suitable for 
the housino of enoines, tanks, et(', (wlu'n' buildinj^s arc' 
necessary). This nu^thod of trc'at.nn'nt insults in a si'ih's 
of cha])t('rs c^ac.h of nhie^li deals with a particular 
detiartment of chemical plant, and tin* value of this 
arrange ment lie's in the fact that tlui Avoiks manaoer who 
is conti'onted with tin; task of (h'sij'iiin^^ such a plant 
has placed liefore him a n^Iiahh^ .iinidc, ('s[)(‘cially to 
the constructional side of the work. 

The third section of tln^ volume is devoted mainly to 
a consideration of the ge'mual plant which is required in 
the eejuipmeiit of a chemical works. Tdic selection here 
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lias boon made, and includes only the best 

and most np-to-dat(^ a]>|)aratus. Here, again, the fruits 
of a Ifuigtliy (^xperi(aK;e have been brought to bear, and 
tlie ])lant desciibed and illustrated will be found to be 
tin' best of its typ(‘. As far as possible, the “ catalogue ” 
(‘lenient has been (‘liminat(‘d from this scud-ion. This is 
not an (‘;isy thing to do. All manufacturers have access 
to (‘iigineers' eatalogmvs, and the ta.sk which (uinfronted 
th(‘ autlioi's was to .sel(‘ct tlio.se piiu-es of plant of which 
they have [iractical knowledge, and to give such details 
as ai‘{‘ not i-iuidily accu's.sibh* to the a,V('i-age manufacturer 
or works cln'inist, and to Furnish tln'in with siudi hints, 
drawn from actual ex[)('ri( nc(‘, as will enabh^ them to 
mak(‘ a wise* .seh‘ction. Progress in this departnnmt 
of engiiKU'ring has luum v(‘r\ rapid of r<‘c(‘nt yc'ars, and 
nowhere is care moiu' needed t lan in .securing well- 
desigiuul and dinabh' a(*c(‘ssoi'i('s foi- the (upiipnu'iit of 
a chemical works. 

'to sum up the objects which the authors hav(^ in 
vi(AV in placing tliis volume in the hands of the technical 
chemist, their aim has lu'en to prc'.sent in each chajiter 
a, summary of sound jiracticc' in u[ -to-date (uni.struction ; 
to give such jii-actical details as aie not. gene.i’ally to be 
found in the theort'tical trc'atises on the subject ; and to 
aid tliosc responsible foi’ the management of ('heniical 
works in th(‘ task of dc'signing mev works by dealing 
w'ith the subject, as it w(»uld be dealt with by a consult- 
ing chemical (‘iigiiuu’r if such an expert were (udled in to 
aMvi.s(‘. The most valuable ])ortion of' the book wdll 
probably b(' found in tlu^ jilates of wr>rking drawings 
which are jin'sented, and the chapters dealing with the 
d('sign and arrangement of the ])Iant. Jn the nature of 
things it is not ])o.s,sible to include details of what are 
.still s(‘mi-secr(‘t pieces of chemical plant. It is o(pially 
impossible to give elaborates de.scriptions of some types 
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of plant which are still in the process of evolution ; but 
within the limits which the authors have carefully im- 
posed upon themselves the volume will, they believe, be 
found a useful addition to the literature of chemical 
technology. 

S. S. D. 

s. s. c. 

Dovbb, July, 1911 . 
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CHAPTER I. 

HOICK OF SITR 

One of the chief features f]^overiim^^ the choice of a site for 
a works, apart from its vicinity to canal, railway, or river 
approach for the means of carriage of its raw materials and 
finished products, is, of course, the nature of the ground it- 
self, considered as to its suitahility for carrying the structures 
required for the operations of the particular manufacturing 
processes in question. 

A good natural foundation should, if possible, ho secured. 
By this is meant either a good rock foundation, close gravel, 
or hard clay. Ground which is of a shifting nature should be 
specially avoided, as also ground which would require pile- 
driving, and these remarks are specially applicable where any 
heavy superstructure is contemplated. 

For this reason trial holes should be dug m various parts of 
the site, and a site plan prepared on which the position of the 
holes can be marked, togidher with notes on the nature of the 
soil at these points. If the site is not level, the levels could 
also be plotted and marked on this plan, although a separates 
plan giving the levels is more often preferred. 

For choice, a level ground is preferable in many cases, al- 
though in some instances advantage may be taken of inequalities,, 
especially in works designed for the heavy chemical trade, or in 
alkali W'Tks. Several instances might be cited where, in the 
experience of the authors, varying levels have been turned to 
account by using the lower levels as dumping-pits for the large 
quantities of waste of dififerent kinds made during the processes 
of manufacture. Again, similar advantage may be taken of 
varying levels where liquids may be allowed to find their way 
from one process to another by gravity, instead of being pumped, 
thus effecting a saving in cost. 

1 
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It is liardly necessary to draw the attention of those engaged 
in th(^ alkali anti heavy chemical trade on a large scale to the 
iK'cessity for choosing a site wliere plenty of land is available, 
as a considerable area is taken up by the large stores of raw 
material required both for use in process optTations and for 
repairs to plant and buildings. 

In SOUK! districts where very few houses exist, it may be 
nt^c(!ssary to build cottagiis for the employees, and additional 
ground may he purchased near to or adjoining the works for 
this ])urpos('. Port Sunlight (Messrs Lever Bros.) is a line 
exainjile of this kind, but not many firms could face the expense 
of putting up cottages of this type'. A less pretentious scheme 
is that of th(' village' of Kynocktown, in Essex, ('rented for the 
omjiloyees engaged in the explosives factory of Messrs. Kynock, 
Limited. Although not ('Ugaged in the chemical trade, while 
considering this subject the arrangements which IVIessrs. 
(Jadburv, of cocoa fame, have made for their workpeojile at 
Boiirnville, lU'ar Ihrmingham, are worthy of careful study. 

As far as ])ossihle, it is also wt'll totalu' into account piohable. 
(‘xtensions to the various buildings and ])lant and the ground 
that would he reijuired for this puiqiose, and while aiming to 
arrange the plant so as to ri'iider it as compact as possible, tlu' 
general lay-out should he carefully considered, so as to jiermit of 
future extensions. Port Sunlight may again be taken as an 
example of a site chosen which admitted of ready expansion, as 
t'videneed from the fact that from a weekly output of about KOO 
tons per wi'ek when the works were started then', some twenty 
years ago, tlu* weekly output is now over HOOd tons, and em- 
ployment IS given to some 4000 peojile, while extensions are still 
going on. Many operations that were probably not thought of 
in the original scheme of these works when they wen' trans- 
ferred to Port Sunlight, have been capable of being installed. 
It is stated that over sixty trades are to be found carried on at 
Port Sunlight. We venture to think this could not have been 
done had not Messrs. Lever P>ros. wisely chosen their site with 
a view to expansion. 

4’his point sometiiiK's receives little consideration. Althougii 
such provision involves additional expenditure upon land; it 
will in many cases be found better to face such expenditure, 
especially if the manufacturing operations are to be upon a 
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large scale. Even in the case of a comparatively small works, 
expansion is far easier and cheaper if a little span' land 
can be secured at the outset. It is often a simple matter in 
planning a works to allow space for duplication of the most 
important sections of the plant. It maybe unnecessary, for 
instanc(j, to double the minimum amount of land required 
and thus at the same time double the minimum capital ex- 
penditure' on land, as it will be found that to mak(^ pro- 
vision for additional units of the; more bulky plant will be 
sufficient. If a power house, for instance, is to be erected, 
th(! spac(’ required for an additional steam or gas engine 
do(*s not mean that a plot of land double the size of that 
required lor a singh; (Miginc' will be called for. Similarly, in 
designing the boiler-house it is not neci'ssary to allow for 
actually doubling the number of boilers, but if. say, three or 
four are r('(]uir('d at the outsi't in a works of medium size, then 
provision for two additional boilers would enable the manufac- 
turer to add vi'i'y apjireciably to the c.apacity of his plant at a 
small additional cost for land. Mori'ovi'r, spare* ground is always 
extrenu'lv valuable for storage purposes. Tlie point to be kept 
ill mind is that if a works is even moderately successful, then 
exjiaiision in some degree will be necessary at a fairly early 
dat(', and one of the greatest drawbacks to such expansion is 
lack of space. 

Where land is chosen in the vicinity of the coast, or along- 
side an estuary, it is advisable to obtain definite information as 
to tin* highest tides with respect to the levels of the site chosen, 
as these will affect, to a great extent, the arrangement of the 
drainage, which is a feature that is too freciuently lost sight of 
in the laying out of a works. We have known ease's where 
insufficient attention to the details of the drainage scheme has 
led to a vast amount of expense and inconvenience at a later 
date. Buildings have actually been placed over the main drains, 
and much exjiense has been incurred in obtaining access to these 
drains when a stoppage occurs. We shall have more to say on 
this matter when dealing with the laying out of the works in 
Chapter HI. 

When the site has been selected, and the general arrange- 
ment of buildings and roadways has been settled, the question 
of drainage should then be the first jioiut to receive close atten- 
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tion. If the site is on the coast or on a tidal river, the flues from 
chimneys, boilers, anti furnaces should be kept above tide or 
flood level, as the stoppaj^e of any industrial process might easily 
be caused by the flues being flooded. We may quote one ex- 
amplti, where, owing to this matter being overlooked, the pit of 
a stit of gas-producers was placed below the level reached by 
high watt'r at spring tides. The whole of tlie producers were 
put out, and the furnaces which were supplied with gas from 
tlitnii rendered useless for the time being. If for any reason a 
pit has to be btdow water Itwel it should be built as a concrete 
tank, and finished off with cciment, so that water cannot leak 
through. The reason for the pit btnng so low down in the case 
just mentioned, was in order that the charging stag(' should be 
on a level with the floor of the coal wagons, and thus facilitate 
unloading the fuel. 

A plan that was adopted by a chemical works recently 
erected, situated on a tidal estuary, was to build ail the flues 
on the ground level, and fill up level the top of these with the 
excavated material from other portions of the works. This 
placed the working floor level at such a height as to leave the 
adjoining ground available as a tip for the cinders and clinkers, 
and other solid refuse, and ensured the flues being well above 
any drains ; all the drains being below the natural ground level. 

A plentiful supply of good water is a luiccssity for most 
chemical processes. It may happen that the water that is suit- 
able for process operations would not be suitable for us({ in the 
boilers, or vice versa. 

We have known several cases where on this account wells 
have been sunk, in addition to the other sources of supply for 
the works in question. Where a well is sunk, the top or surface 
water must be pr(i vented from draining .into it, so as to avoid 
impurities. It may be necessary in order to secure this, to 
use cast-iron cylinders bolted together with internal flanges, 
a common size for this purpose being about 3 feet diameter 
and in C feet lengths. This is for cases where water can be 
reached at moderate depths, but where it is necessary to go to 
a great depth recourse must be had to a bore-hole lined with 
tubes, the joints of which must be thoroughly tight. But deep 
bore-holes are costly, and should only be resorted to where 
other meens of supply fail. 
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At one works with which we were connected, the water 
supply for the boilers was obtained from a deep bore-hole, and 
the water was raised by means of an air jet supplied from an 
air compressor. The air lift was kept almost in constant use, 
and supplied an open reservoir from which a battery of six 
Lancashire boilers obtained their supply. 

In negotiating^ for the purchase of land it is advisable, if pos- 
sible, to select a site whore the purchase carries with it any mineral 
rights. This provision froipiently guards against any subsequent 
complications which might otherwise arise. In any case, careful 
investigation should he made into the question of these rights. 

In districts where mining or brine pumping is m process, 
serious damage to liuildings often results from subsidences, and 
for this reason, if at all possible, such districts should be avoided. 
In the case of an alkali w(»rks, brine springs may of course be 
bought along with the land, and here the possibility of sub- 
sidence' IS entirely the concern of the manufacturer. 

Another important question wliich must he considered is 
that of the' pro.ximity of the projected w^orks to agricultural 
land. I^'armers liave, generally speaking, an inveterate hatred 
of chemical works. In justice to them it must he admitted that 
they have sometimes ample cause for this ; hut it is a fact that 
in many instances complaints of nuisance arising from chemi- 
cal works are fiXMjuently made on the most flimsy grounds. 
Various particularly evil-smelling industries are tolerated far 
more readily than the legitimate chemical processes, and the 
unfortunate manu.’acturer who happens to select a site where 
the prevailing winds render it impossible for him to conceal his 
existence will speedily find himself in serious trouble w'ith any 
local magnate whose residence' is within range of the works. 
It IS usek'ss to plead that in connection with chemical manufac- 
turing establish ments some degree of odour is inevitable. Even 
where act ual damage ti> growing crops or vegetation cannot be 
proved, the management are very seriously handicapped, and this 
aspect of affairs must be given ample weight when searching for 
the host site. 

The direction of the prevailing winds may easily be ascer- 
tained if there arti any trees in the neighbourliood, and this, as 
emphasized above, is a matter which is well worthy of close 
attention. 
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^riie geographical position of a chemical works has a very 
important bearing on the commercial success of such an under- 
taking, and in the selection of the site for a new works the con- 
siderations which must ho borne in mind are now receiving 
cand'iil attention. The points arising under this head are of 
e(|ual importance to all manufacturers engaged in any of the 
allied industries, and a few examples may be usefully mentioned. 
Til the case of an alkali works it is im])erative that a plentiful 
siijiply of brine shall he available', nr, failing this, that the works 
shall he so situated tliat chemical salt inav he obtained m large 
quantities with a mmimuin of expensi' for carriage. The natural 
situation of Cheshire has groiqied m that county and the adjoin- 
ing county of Lanc.asliire the principal works in the alkali trade. 
The CJu'shirc' salt maker has at hand abundant supplies of fuel 
from the Lancashin' coal-fields, and his other princqial raw 
materials, such as ])yrit('s or brimstone, may he brought by 
water by means of the Wi'aver Kavigation or the Mauclu'sh'r 
Ship Canal, reducing the cost of railway tiuiispurt or securing 
to him the advantages of water competition with the railways. 

In the soap tradt', we find Messrs. Lover Brothers, as already 
not('d, established at Ikirt Sunlight, where not only can the 
supply of chemicals he draM ii from the greatest -alkali district 
in the world, hut fuel supplies an* close at hand, and tlu' other 
bulky raw materials, such as oils and fats, may lie brought by 
ocean-going vessels to th(> rivc'r-side wharves of the factory. 
'I’here can be no doulit whatc'vi'r that such natural advantages 
of geographical situation have' contributed very materially to the 
wonderful prosperity of Port Sunlight. 

The sanii* district has recently witnessed the de.vidopment of 
a large works in an industry which is in many respects becom- 
ing of a chemical nature ~we refer to the Hawarden Bridge 
Iron Works of Messrs, John Simmiers & Sons; Limited. Here, 
on the Dee marshes, smelting furnaces and roiling mills on a 
very large scale are siqiplemeiited by a large chemical works 
which produces the vitriol, hydrochloric acid, etc., used m the 
production of galvanized iron, dealing also with the residual 
liquors resulting from the galvanizing process. In such opera- 
tions considerable land is required for such bulky plant as vitriol 
chambers and crystallizing vats. Other advantages of such a 
situation are found m the easy disposal of efiluents, as well as 
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the cheap water transport of very heavy goods — both raw mate- 
rials and finished products. Iron ore can be brought in bulk 
cargoes, salt and ])yritos come in the same way, while export 
business is V('ry much simplified. 

Another favoured district fof* such works as comti within the 
scop(! of th(' present volume is that which is served by the Man- 
ch('st(‘r Ship ('anal, and here, as an instance, may be cit(id the 
great Westingliouse Works at 'rrafford Park, Manchester. The 
Co-operative Wholesale Society has a large soa]) works at Irlain, 
also on the l\laii(diest('r Ship Canal, wbiU' Messrs. Crosficld 
Sons, at Warrington, iKuielit in no small measure by the facili- 
ties for water traiis[>oi t derived from the same great waterway. 

Other districts might be mentioned as showing the import- 
ance of car<'ful selection ol the sit(‘ for a new works, but suflicieiit 
has been said to emjthasize the necessity of carc'ful attention to 
SOUK' of those points which make for economy of production and 
chea]uu‘ss of trans[)ort. Such districts as have been referred to 
combine neariK'ss to salt sii])plies, close proximity to largo coal- 
fields, wat(‘i’ carnage by sea, river, and canal, with efficient 
railway facilities. 

Another important iiomt m the selection of site is that it 
shall h(’ within easy reach, by road, of the marki't which it is 
intendi'd to lap. From the, point of vic'w of cheap transport 
the increasing adojition of the motor w'agon nuidi^rs it neces- 
sary to 1)C on the line of good highway communication. Kocent 
dpvolo])mciits in th<‘ railway world have made it imperative that 
the inanufactiiror shall have an alternative system of inland 
transport with which to compott! against the high freightage 
charges of the I'aihvay e.ompanies. Second only to water car- 
riage must he placi'd an efficient system of motor transport for 
goods. This IS a subject which is receiving close attention 
on the ]>art of many manufacturers. 

In deciding upon the locality of a new works, consideration 
must he paid to the facilities afforded not only for the transport 
of raw materials and finished products, but also to such points 
as the sources of supply of electric current for power and light- 
ing, and cheap gas for power gimeration. Various districts are 
now being brought to the notice of manufacturers who may be 
contemplating the establishment of new works, by municipali- 
ties which offer special treatment in those direidions. The 



8 


CHEMICAL WOKKS DESIGN AND EQUIPMENT. 


steady increase in the rates nf many large towns has compelled 
largo firms to migrate, and where such a change may be de- 
cided u^ion it i.s needless to emphasize the advantage of cheap 
supplies of electric current and gas. In some departments of 
the chemical trade, and particularly m connection with any 
proc!ess of an electro-chemical nature, the possibility of obtain- 
ing cheap electric current from the local generating station is 
very important. It is to the advantage of a municipal electri- 
city works to secure a full “ load ” during the day-time, when 
the current is not being requirt'd for town lighting, and in some 
districts, at all events, it will be found that current for industrial 
use may be obtained from iht' town’s main at a lower figure 
than that at which it could be generated in the works itself. 
To produce electric current by means of steam-power is gener- 
ally an expensive jirocess. Present-day practice points to the 
use of large gas engines as being the most economical source of 
mechanical power, and if gas engines are adopted, the choice of 
sujiply of the necessary power-gas lies between the town’s 
supply and the adoption of gas-pr<)ducer plant. Wlii-re gas for 
power purposes is available at a low figure, this may obviate 
th(' necessity for installing plant for its manufacture, and in 
some towns in the North of England, very low rates are offeri'd 
for gas supplies. The adoption of producer-gas, to be trans- 
formed into ]K)wer by means of tlu' gas engine, places in the 
hands of the manufacturer a very cheap method of generating 
electric current in his own works. The subji'ct of power 
generation will be found dealt with at length m tlu' chapter on 
this subject, but in passing it may be observi'd that the facilities 
offered in the direction of cheap electric current and cheap gas 
may with advantage be carefully weighed when deciding on the 
site for a new works. 

The control of chemical works by the Ldcal Government 
Board under the Alkali, etc.. Works Kegulation Act, as regards 
the eiiiissioii of noxious vapours, has now been in force so long 
that the relations between manufacturers and the authorities 
are clearly defined. The administration of this Act had been 
carried out very wisely, and with marked benefit to the manu- 
facturers themselves. Such a result has been attained by 
entrasting the inspection of chemii^al works to men who have 
had long and practical experience in the working of the various 
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processes, and in touching upon the subject of gaseous effluents 
it is only fair to record the cordiality of the relations between 
the' inspectors and the firms engaged in chemical manufacture* 
For convenience of reference, the text of the New Alkali Act, 
which consolidated the previous statutes, is given as an appendix 
to the present volume. 

Of equal importance with that of gaseous effluents is the 
question of the disposal of waste liquors from chemical processfis. 
Here, again, the wisdom of selecting a site where such effluents 
may after suitable treatnieiit be turned into adjacent water- 
courses is self-evident, and this brings up the question of the 
supervision exercised by Kiver Boards ovt;r sucli watercourses, 
and due weight must be given to tin; requirements of the various 
authorities. 

In some cases the Kiver Conservancy Boards permit effluents 
containing not more than a small percentage of acidity, and 
where effluents of an aci<l natun; are likely to be turned from 
the works into the stream or sewer, some process for neutraliz- 
ing, similar to that which is in vogue in many works, namely, 
liming the ditches, would have to be adopted. 

Where liming is resorted to, the lime should be added to the 
effluent in the form of milk of lime, and a good mixer, of which 
there are several on the market, should be used. It should be 
borne in iiimd that it is far cheaper to buy good lime that is 
readily solvent, even at a higher price, than a cheap lime which 
leaves a large amount of sludgi;. "riie works chemist should 
make tests of the (iffluents twice or three times a day and a 
record should be kept of these. On the visit of the River Con- 
servancy Board inspector samples should be taken at the same 
time that he takes his samples for analysis. 

If the levids would allow the flow of the effluents to fall over 
a cascade, this would greatly add to the mixing of the effluent 
with the milk of lime. Otherwise it is a good thing for one of 
the labourers to be told off to stir the ditch up with a paddle 
occasionally. 

So far we have been considering the choice of site in relation 
to works of some magnitude, but there are of course many 
minor chemical industries in which no obnoxious gases are 
evolved or effluents to be disposed of, and which would be quite 
capable of being carried on in a manufacturing town without 
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{giving cause for any complaint to such manufacturers. It 
might here be possiblci to take advantage of the particular 
districts where corporations are laying themselves out to supply 
electrical power, hydraulic power, and gas supplies, liotli for 
power and lighting. 



('HAPTKK TL 

NOTKS (LN MMMCUIALS USKT) IN (^ONSTRrCTlON. 

In considering]; the materials of construction mostly usiid in 
coniK'ction with clienncal works, these may for convenience he 
placed in four classes : building materials, such as bricks, slate, 
{^lass, stone, ei'inent and ccuicrete-formiufj; mati'rials, fire-clay, 
earthenware, and similar substances <;om])rise one class ; timber 
may form anotlKn- class ; metals still another ; while in a fourth 
class such miscellaneous subslaiices as rubber, leather, felt, etc., 
may be ])laced. 

Metvls. 

In the alkali tradt', K'a l takes the foremost position amon^,'st 
this class of materials, (last-iron comes a ^ood second, with 
steel and wrouf^ht-ironhdlowm;^. Such matiirials as copper and 
alloys with cop]KM', zinc, aluminium, platinum, phos])hor-bronze, 
and I'l'giilus mi'tal are only used in a minor degree compared 
with the' metals previously mentioned. 

Li’ad. — 'Plu' lead iisinl for chemical purposes is specially pure. 
The weight of lead, roughly speaking, is about eleven times 
that of water. Sheets of lead ean now be rolh'd to almost any 
thickness recpiirod, and for shi'ots of medium thickness can he 
obtained up to 9 feet in width and up to 25 feet in length, or more. 
Lead has a greater co-efheient of elongation under heat than 
any othcir metal, and, being extremely ductile, is capable of being 
beaten into almost any shape desired. It must he remembered 
ill dealing with lead-work for chemical jmrposes that no soldering 
is permissible, and that all joints must he made by melting, or, 
as it is generally termed, lead-burning. This subject is touched 
upon in Chapter III., in speaking of the plumber’s shop. 

Lead barreling can he obtained in 1‘2-feet lengths, from 
2i inches to 6 inches in diameter, and solid drawn-lead pipe 
of the smaller diameters can be obtained in ceils of almost any 
length desired. 

;11) 
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Old chemical lead will jienerally fetch a fairly good price 
when it is disposed of, but in most cases it can be utilized by 
melting up for various purposes in the factory. Lead is gener- 
ally spoken of according to the weight jier superficial foot, such 
as 5-, ()-, 7-, or 8-pound load. 

In conjunction with leadwork generally, attention may be 
drawn to the numerous fittings that are made in regulus metal, 
and which can be readily connected liy the plumber to vessels of 
lead. These fittings are well know'n to all chemical manufac- 
turers and chemical engineers. 

Sulphuric and liydrochloric acids have no action on lead at 
ordinary temjieratures, and but little action at a boiling tempera- 
ture. Nitric acid dissolves the metal with evolution of nitric 
oxide, especially when the acid is rather dilute. The vapours of 
acetic acid coitckIo lead rapidly, and in the presence of carbonic 
acid convert it into white lead. Alkalies have no decided action. 
Chlorine converts the metal slowly into lead chloride, but the 
surface film thus formed protects the metal beneath. 

Lead is extensively used as a jointing material in forming 
spigot and faucet joints where the li(juid lead is run in. A form 
of h'ad joint whicli is said to stand heavy pressure, and which is 
claimed to be madcs more easily than a run-lead joint, is that 
made with lead wool as manufactured by the Lead Wool (lo., 
of Snodland, Kent. 

Copper. — Coppi'r, although not used to the same extent in 
chemical W'orks as lead, is employed extensively in condiuising 
and evaporating plant for various purposes, while its uses in 
connection w'lth electrical plant are too well known to mention 
in detail. 

Phosphor Bronze . — In a paper entitled “ Some Notes on Phos- 
phor-] Iron zc," read before the Institute of Metals, Mr. I’hillips 
jioiiited out that the special cliaracteristics of this alloy are ; (1) 
its freedom from corrosion by salt water, which is ajipareiitly 
largely due to the absence of zinc ; (2) its high qualities as a 
mechanical constructive material as comjiared with an ordinary 
zinc-free brass ; (3) the small effect which rise of temperature 
has upon its mechanical properties, which remain practically 
unimpaired at temperatures at winch zinc-containing copper 
alloys exhibit serious falls in strength; (4) a spark cannot be 
readily obtained from it by a blow ; (5) phosphor-bronze of 
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high phosphorus content possesses low friction co-efficients for 
most metals, and is hard enough to resist abrasion well. On 
account of these properties phosphor-bronze is particularly suited 
for boiler fittings and fittings exposed to water, for the construc- 
tion of machinery for the manufacture of explosives, and for 
hearings for high-speed machinery. 

Aluminium.— In a paper also read before the Institute of 
Metals, Mr. Bonner has called attention to the fact that alu- 
minium is now selling at about half the price which it com- 
manded seven years ago. The metal, owing to its lightness, is 
very useful where handling of liquids has to be performed by 
means of movable troughs, more particularly in cases where 
troughs or similar vessels in lead would be extremely heavy 
and unwieldy, whereas such vessels in aluminium can lie readily 
handled. We have used aluminium fans for removing acid 
fumes, and have found the metal to withstand the action of the 
acid much better than any other material at similar cost. In 
explosives works particularly various articles of aluminium are 
in use. The only drawback in the utilization of the metal for 
general purposes is the difficulty of brazing, as this requires an 
expert knowledge to make successful joints. 

In a paper read before the Iron and Steel Institute Mr. 
F. J. E. Carulla has given some useful hints on the use of cast- 
iron in the construction of chemical plant. He observes that 
cast-iron is a substance, which, in consequence of its varied 
composition and uncertain properties, it is most difficult to 
classify. The consequence is that there are certain firms who 
possess experience and special knowledge of the use of parti- 
cular brands for various purposes that are unknown to the 
trade in general ; nevertheless some simple rules can be applied 
even in this case. 

For certain purposes, as, for example, ammonia stills, cast- 
iron seems practically everlasting, and there can be no secret as 
to brands. The cast-iron parts of such an apparatus known to 
the writer of the paper were stated to be practically perfect after 
eighteen years of working. There was no sign of wear in any 
of the cylinders, and a remarkable fact was that the lower 
section of the liming cylinders, containing the manhole, had 
been repaired at the time of erection, a large blowhole being 
detected in the casting; the place was made good with rust 
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ceiuent (iron filings and sal-aniinoniac), and notwithstanding 
tliat th(i work was carried on at a pressure of eight to ten 
])ounds per 8(iuare inch, no leakage had taken place. 

In the case of ammonia stills, the reactions are entirely 
basic, IiiiKi being usi'd to drive off the fixed ammonia, but even 
acid chemicals have sometimes little action on cast-iron. Nitre 
pots of cast-iron will withstand the action of sulphuric and 
nitrniis acids in a glowing furnace remarkably well, the sc'eth- 
ing mass taking mouths and sometmuis years to destroy the 
V('ss(‘l. Ycit when hydrocliloric acid is in (piestion, cast-iron 
snccuiiibs like any weaker metal. Whilst this is common know- 
ledge, the fact is not realized to its full extent. J'erey (“ Iron 
and Stiiel,” })j). 145-17) describes the experiments of Daniell, 
who obtained from a cube of cast-iron, immersed m dilute 
hydrochloric acid, a spongy mass, easily cut witli a knife, which 
was dark gri'y, and somewhat resembling })lumbago. He also 
gives the following analysis, by Calve.rt, of such a residue jiro- 
duced by the uninterrupted action of the acid during two years 
on cubes of the metal ; — 
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As an example of the violent and rapid maimer in which 
corrosive action may take place, Carulla instances a case in which 
the plug of a cast-iron cock, used to keep back ferrous liquor 
containing a very small jierceiitage of hydrochloric acid, was 
acted upon to the depth of one-eighth of an inch in a few 
months. This discover\ was most opjwrtune, as it caused the 
oxaminatioii of a cast-iron ves.sel of considerable size into which 
the liiiuor in question was admitted, and a similar action was 
found to be going on. It was fortunate that this was perceived 
at such an early stage ; as little damage had been done, by a 
variation in the process, in no way detrimental, the action 
was arrested while the vessel was still good. Ammonia had to 
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be used iii the process, and a portion iieing introduced at an 
earlier stage, the acidity of the liquor was neutraliziid. 

It is therefore evident that the action of hydrochloric acid 
must be carefully guarded against. Both the user and the 
maker of vessels that have to withstand it are interested in the 
matter, and lu'ro eomi's in a distinction. Cast-iron is divided 
into two main groups — the white and the grey. The experi- 
mi'iits of Professor Daniell showed that grey iron is inorii 
rapidly attacked than the white — three timers as fast. Hence, 
if a east-iron vessel is riMpiired to resist the action of hydro- 
chloric acid, it is rc'asonable to sav tliat white iron should be 
selected. Other conditions may require consideration, how- 
<!ver, and if the vessel has to resist inti'rnal jiressure, the 
touglu'r grey ii'oii is preferable to th(‘ white and brittle. Tin* 
natural solution <d‘ the pridilem is to make a mi.xture of a white 
and a grey lirand, th(^ gr<‘y giving the tenacity and tlu'. wliite 
the acjd-resi sting power. Mr. ('am I la suggests that a hetk'r 
plan, liow('V('r, would In' to cast round collapsihli* chills with 
grey iron, wdicn iJu* interior of the easting, assuming this to he 
cylindrical, heeoming wdiite iron to a certain depth, w'ould 
otfer the retjuired clieiiucal resist aiice, whilst the outer coat, of 
considerable thickness, remaining grey, w'ould give the neces 
sary tenacity. Vessids for chemical operations could ceriamly 
he jiroduced on this ])lan if it has not already been adopted. 

In connection with tlu' action of hydrochloric acid there ani 
operations in which not only the um*\pocted Imt the unsuspected 
may liajiptiii. It is well known that hydrochloric acid, in its 
free' state, and especially m its weak state, must he guarded 
against, but the action of chlorides is apt to he overlooked. 
When ammonium chloride is heated to 300“ C. it is dissociated, 
the hydrochloric acid being set free, with serious results in the 
case of iron tar stills, for which when heated to 325“ 

<'1. are aliV ted by the ammonium chloride that has not been 
separated from the raw tar. 

A further point emjdmsized by C’arulla is that wrought-iron 
chaplets should not he used to hold up the coi-es of pipes, etc., 
intended for chemical work. Failures are certain in such cases 
when the chemical has any action on iron, as the comparatively 
pure metal is more readily attacked than thi; cast-iron. Even 
when cast-iron supports are used failures may still result, as the 



1C t;HEMU'AL WORKS DESIGN AND EQUIPMENT. 

fusing together with the main easting may not be complete. 
The mcithod of easting pipes vertically without the use of chap- 
lets is, tlierefore, to be recommended for chemical work. 

MiscdlaueoHs.—Oi miscellaneous materials, the following are 
much used : Vulcanite, rublxir, rubberite, ebonite, asbestos, glass^ 
white l(!ad. leather, Uralite, Willesden paper, hemp and rope 
packing, and felt. 

Asbestos . — Asbestos is a most useful material in chemical 
works. It IB unaffected chemically by many of the active agents 
likely to attack most insulations ; it is generally ajiplied for 
boiler and pipe coverings to prevent heat radiation, and its effi- 
ciency IS griatly increased by developing the cellular structure 
of the covering. A mass of asbestos, fiberized and then com- 
pressed, is highly porous, and is rendered not only waterproof, 
but an especially effective insulator, under conditions of varying 
moisture, by Ix'ing satnrati'd with certain varieties of asphalt, for 
example. 

I’here need be no waste with asbestos, as the scraps from 
a sheet, soaked in water, make a good cement that can be used 
for making joints in a similar way to making a rust joint, and 
which will not be affectixl by acids. When asbestos is used for 
making joints between flanged pipes, it should be blackleaded 
on each side, so that if required to break the joint it will leave 
easily. 

In close connection with asbestos in its various forms is 
uralite, a building material made in sheets, and composed of 
asbestos fibre cemented by a mineral glue. Uralite is manu- 
factured in large sheets, which can be employed in the place of 
corrugated iron in roofing, and of wood in lining walls which it 
is desired to render incombustible. It has the advantage of not 
being affected by water at any temperature, nor by fire, and con- ' 
sequently resists the action of the weather when exposed, as 
when employed in place of iron roofing. In first cost the 
two materials an' about equal, but as the Uralite sheets are 
of much less weight than the iron, the cost of construction 
is less. 

The composition of Uralite, which is unacted on by heat, cold, 
or water, is entirely mineral. It consists mainly of short fibres 
of asbestos ; these are reduced by the aid of most elaborate 
machinery to a fine wool-like texture, and mingled with gela- 
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tinous silica and a small amount of chalk. The reaction of these 
substances on each other, when submitted to heat and pressure, 
gives a material in which the silica, restored to its normal state, 
cements the asbestos into a firm substance, with a hard tough 
surface, not offering any tendency to laminate, and which, when 
formed into sheets, may be used for building purposos, and can 
be regarded as practically indestructible. 
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(^HArTEK III. 

FIRST PRINCJPLRS IN LAYING OFT A WORKS. 

Amongst tlie first j)rint;iples to he considered in laying out a 
works are the ways and mi'.ans of transport, both as regards the 
raw materials and the finished products. In the nature of thiniyis 
the raw materials far exceed the manufactured goods, in bulk 
and weight. Where the works have good watiT connections the 
greater part of the raw maU'rials may be brought in m this way, 
as water carriage is generally far cheaper than railway trans- 
jiort, but, as pointed out in our first chapter, provision must also 
be made for a railway siding into the works, as well as a good 
roadway for ordinary cart traffic. The width of the roads should 
be sufficient to allow one cart to pass another, and the road 
should have a slight fall from the centre to each side for draining 
the surface. 

In close proximity to the line of railway and the wharf should 
be ])Iaced such buildings as the power house, and those process 
buildings where large quantities of fuel, or raw materials, will be 
us(!d : and ample space should be allowed for storag(^ of the sup- 
])lies for these portions of the plant. Provision must also be 
made for the disjuisal of the large amount of ashes and clinkiir 
from boikii's and furnaces when dealing with tins question of 
coal storage. In cases where the cindisrs from the furnaces are 
not niquired for road making within the works, there is gener- 
ally no difficulty m getting rid of them where there is a railway 
siding into the factory. Most railway companies will take them 
away, free of charge, for use in ballasting the line. 

The several buildings required for the process or manufac- 
turing operations should next be considered, as to their size and 
relation to each othi;r. I’he chief point to be kept in mmd in 
this arrangement of process buildings is to plan them, as far as 
possible, in such a manner that the development, from the 
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siato of raw material to that point where the finished product 
is delivc^red to the stores or loading deck, proceeds in natural 
sequence. 

Bearing this point in mind, the process buildings can be kept 
together in a separate) block from such buildings as are relegated 
to store's and to wf)rkshop8 in conne'ction with the upkeep of the 
factory. In most large works the artificers employed in the up- 
keiep of the; establishment, theiiigh forming a large item in the 
total expenditure;, are a necessity, and nearly e'veiry type of 
artificer is require;d. Thus we have the nu'chanic’s she’ip, the 
electrician’s simp, the blacksmith’s shoji, and the plumber’s shop, 
all of which can lie greiuped togetheir ; and forming aneithcr gremp 
e)f buildings in cleise proximity to the erne last mentioned we 
have; the car])('nte'r and joiner’s shop, the; painter’s and glazier’s, 
and the' bricklayer’s store's. With re'gard teithe first grenij), com- 
])risiiig the me'chanic’s, eli'ctrician’s, Idacksmith’s and plumber’s 
simps, a very goeiel arrange;ment is to plae;e the' meichamc’s and 
electrician’^, shop in the' centre, with the smithy on one side; and 
the [)lumbe'r’s sho]) on the other, allowing reieuii fe)r extending 
laterally each one; eif this row of sheips. 

In the; arrangement just sugge'sted, the reason for placing 
the smithy and the; |)luinber’s shop on the euitside is that in 
each of tlu'se; e;ases a large supply of steires is ne;ce8sary to 
replace theise' consumed. The plumbe;r, in addition to con- 
siderable' (juantities of made-up articles, also require's a large 
platfeirm ein which he can re)ll enit his sheet l(;ad feir cutting 
mte) the; various shapes re;e{Uire'el feir the miscellanoenis ve;ssels 
and articles which come; within his department eif construction. 

In addition to these buildings, the steire for general supplies 
must ne>t l)e; lost sight e>f. The; tt'rm “ geme'ral stores ” includes 
such goeids as shovels, picks, rake's, hammers, buckets, brooms, 
brushes, valve's, taps, ashe'stos, glass and earthenware' goeids. 
and clothing en t uhbi i goods use'd m spee'ial pre)ce'sse;s or under 
spexial circumstance's. On account e)f fire risks it is best to 
make the eul store a separate building, isolate;el from the othe*i 
struedures. 

The foregeuiig re’inarks as to the arrangome;nt of buildings, 
etc., apply, as will he assumed by the reaele'r, to a works eif .some 
magnitude. In such a weirks, the gene;ral steires is best jilaced 
near the office block, as the goods need frequent replenishing, 
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and are so numerous in detail as to require a special storekeeper 
in charge, who will be in touch with the office staff. 

It is customary for the mechanic’s shop to keep a small 
stock of various fittings, nuts, bolts, files, pipe fittings, such 
as tees, elbows, valves and cocks of small sizes, of which the 
foreman keeps account, so that the different departimnits are 
charged with renewals and repairs. The general storektseper 
issues thes(‘ sui)])l(iiuentary stores from time to time. 

’riie same remark applies, to a certain extent, to the car- 
penter, as regards screws, nails, sandpaper, glue, etc. ; to the 
plumber, for some of the smaller supplu'S he requires from time 
to time ; and so each tradesman, in his turn, draws from the 
general store to replenish the stock which he keejis in his own 
workshops, as it is obvious that he could not Ix' running to the 
general store wheiuwer he wanted some little article. 

The more bulky materials used by the different tradesmen 
ari' unloadcxl at their shops or stores, and tln'y slumld account 
to tlie general storek(‘eper for them. 

Tlie bricklayiT’s store is mainly an enclosed yard, with the 
t'xcteption of a shi'd for storing such material as ciuiu'nt, ropes, 
ladders, blocks, tackle, and tools, as most of the materials re- 
quired by tlu' builder an* not all’ecte.d by the weather, 

A plentiful siqiply of wi'ighing machines are very lu'cessary 
adjuiicis to a works dealing w'lth large* supplies of mah'nals, and 
will quickly re'pay tlu'ir cost Oin* of tlu'Si*, say a 10-ton w'cigh- 
bridge, should be placiul on the jetty (assuming the goods are 
coming m by winter), and another at tin* entrance* to tlu* railw'ay 
siding, while* various smaller oiu*s will he* re'ejuired about the 
works. 

It may he; that the w^eigh bridge for goods coming in by rail 
(;an be* so situate'd as to serve for weighing also carts coming in 
by reiad, but in such a case the weiighbridgei should have sunk 
rails, so as iieit to ofTeir any obstruction to a cart being take'ii f)n 
to it. The weighbridge on the jetty might in many cases be 
sufficient if of Ti-ton capacity, or even less, as there is imt the 
W(*ight of the trucks to take into consideration as on the railway 
weighbridge, tin* skips for i-aismg the goods probably not weigh- 
ing more than K) cwt. 

One or tinore travelling cranes should be provided on the 
wharf, and these should be on rails the same gauge as the rail- 



FIRST PRINCIPLES IN LAYING OUT A WORKS, 


21 


way — 4 feet 84 inches — so that, if required, they could be used 
for breakdown emergencies anywhere else on the works, the 
railway being connected uj) to the wharf. If the site will per- 
mit of it, the wharf should be large enough to accommodate 
two vessels coming alongside, if depending on the tide, as much 
time may be lost wliere a vessel has to wait for its berth and Ao 
miss a tide, as well as the important question of demurrage 
arising. 

A light tramway system throughout tlu* works, is in mokt 
cast's a vt'ry groat saving in the transportation of goods from 
one department to another. A 2-ft. gaugt' light rail, with turn- 
tables at ticjiivcnieiit points, is both cheaply and easily iiistalloli. 
In somt' cast's an overht'ad runwav system could he list'd to great 
atl vantage 

In iiitjst niodt'rn factoiu's t'lectrjcity is no\^ supt'rseding other 
forms ol pov\er and lighting, anti as electncily lends itself so readily 
to disti ihution, the disptisituin td the]u)wer house will l)e best cim- 
sulted as regards its proximity to tht* point wht're llui fuel can 
most convenu'iitly bt' unloatletl. If the inel should ctune m l>y 
watt'i’, tilt'll, it the power htmsc is jilacctl clt>si' to tin* wliarf, tins 
will allow ot a gangway hranc.hing away lioin the main wharf, 
and dividing into sevt'ral hays, on which lines tif wagons, of the 
contractor tip pattern, can he run anti tipped into the liays 
oppusitt' the 1)01 h'rs. A mtalern power houst^ will he found fully 
dt'serihed in Chaptt'r IV., m tht' dt'sign of which the principlt's 
here advocated an* timhothotl. 4’he clinker and ash frtim ])oth 
fnrnact's and boilers are nitire often than not retpiired for 
road-makmg in tlui works thomst'lvos, st) that wt' uetid nt)t take 
into cOiisideration the handling of these residuals in dealing with 
the laying out of a new wtirks. 

As regards the electricity mams for tht; tUstrihution tif cur- 
rent, our preference m the case t>f intist chemical works lies in 
the direc.tiO'i 'f carrying these t)verhead. 

WtlllKSHOPS, 

In works where the finished products are sent away in drums, 
casks, or boxes, prtivision will have to ht‘ made for the storage 
of these. Where i;asks are required a cooperage would be neces- 
sary, and if boxes are also retjuired a box-making department 
and cooperage could advantageously be organized in conjunction 
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with the carpenter and joiner's shop, and the same saw-mill 
could be utilized for both purposes. A saw-mill suitable for an 
averaged-sizcd works and capable of turning out the packing 
cases and boxes, and also dealing with the usual routine work of 
repairs and upkec}) to other parts of the factory, is described in 
the Appendix. 

Boxes are used in the following trades, amongst others : 
Soap-making, the manufacture of starch, laundry blue, candles, 
explosives, cyanide, disinfectants, dyes, inks, borax, essential oils 
and essences, drugs, camphor, soda, Crlaubcr and Epsom salts. 
In many of those industries the boxes for shipment have to be 
lead-lined, and therefore, after leaving the carpenter’s hands, 
are passed on to the plumber, and from him to the packing 
department. 

In dealing with the subject of workshops we would draw 
attention to the neciissity of disjiosing these in such a manner 
as to ensui*(‘ safety from fire. With this objee.t tlu' joiner’s 
slio})s and saw-mill should, so far as jiossibh'. be k(!pt away 
from the furnaces or ))ower-housd. It is within our knowledge 
that a large joiner’s shoj) in a works of (piite reccuit construction 
js only separatt'd by tlu* width of a roadway Irom the boilers 
and chimney stack of a v(Ty large power plant, tin* sjiarks from 
the chimiK'y ol which have Ixusi seen by us to lall c>n the roof of 
the joiner’s shop. 

The same consuh'ratioii should place stores containing m- 
flamma))K' mnterial safely away from furnaces or from positions 
where sparks from a chimney could reacli them. 

If locomotives are used about the works, a spark arrester is 
generally fitted to the chimneys of these. In Ajiril, 1001), a 
fire occurred at Port Sunlight, resulting, as supjioscxl, from a 
spark from a locomotive engine falling upon some resin barrels 
stored in stacks in one of the “ resin fields ”. Thc' damage was 
estimated at about £6000. In our own experience a quantity 
of nitre bags that had been put out to dry, although a long 
way from the railway, were set on fire by a falling spark from 
an engine. 

The Drainage System. 

In our first chapter, in dealing with the selection of a site 
for a new works, we have already spoken of the extreme im- 
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portance of a good drainage system in the laying out of a factory. 
We may now indicate at greater length some of the points to 
be kept in view when dealing with this important question. 

The best position for the main drain is in the centre of the 
main road or roads, according to the extent of the works. The 
intercepting drams leading to the main should be laid with a 
good inclination, and never at right angles to the main drain. 
No inclination less than 1 inch in 10 feet should be given to 
any of the drains. Wh<5re the depth of the mam drain permits 
of considerable fall, the drains, or the general trend of them, 
should bo given tin; full benefit of the fall by a gradual inclina- 
tion to th(' main. A vertical drop is bad in many ways, as the 
suddi'n finsh caused by an unusually heavy downpour of rain 
will often carry a hciavy deposit, which, precipitat'd through a 
vertical shaft, will lend to block up the outh't. Serious stop- 
pages m a branch system can fn'cpK'iitly lu! traced to this bad 
arrangtiiiicnt of connecting the' snialb'r drains to the mains. 
All bends in the drains should be easy. 

Joints of ccnieiit or clay made m the laying of drain-])ipes 
arc a))l to S(iuce/e tbroiigb at flu* joints, and care should be 
taki'ii, as each joint is nuuh', to leavi' the ])ipcs (juite clear of 
any obstruction of this nature. Too much attention cannot be 
given to the laying of drain jiipcs Tlie careless manner in 
wliicli (hams are so often laid called forth the remark of a well- 
known areliitect that the laying ol drain jiipi'S m many eases 
would be more jiiojierly described as burying them. The pipes 
should bt' seli'clcd for tlu'ir perfect glazing, soimdiiesH and 
hardness ol material, and the sjiigot and faucet ('iids should he 
well shaped. 

Manholes should he placed at suitable places, and inspection 
boxes should lie provided at (wery junction. 

Foundations. 

With regard to the foundations of buildings, much will 
depend on the nature of the structure and the weight to be 
carried. In the case of many of the lighter buildings, if the 
ground is of good, sound substance, it would be sufficient to cut 
the trenches and ram well with heavy rammers previous to 
putting in the brick footings, but in all cases where any con- 
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siderable weight is to be carried, or where any tall structure is 
to be erected, a good concrete foundation should be provided, 
after well ramming the excavated site. 

In the case of inequality in levels of ground, where footings 
have to be cut in shelves it is well to bring the concrete foun- 
dations up to one common level before commencing the brick- 
work footings, ill this way minimising the unequal settlement 
which is often caus<id by the shrinkage of the mortar joints 
when (iarru'd up at different levels. 

Water should not he allowiid to remain in foundation 
trenches : it is very t'ssential that they should lx* kejit dry, as good 
work largc'ly depends on this. If by anychanci' mud has collected 
in tlie bottom of a trench, it should be removed before putting in 
the foundations. A good deal of trouble through unequal si'ttle- 
iiK'iit can he trail'd to the hrickwork footings lieiiig allowed to 
get saturat('d with wal(T in flu* li-t'iuthes. 

Where concrete loundations are ])ut m, they should Ix' not 
less than (i inches widiT on I'ach sub' than the bottom course 
of footings, ('onen'te hud on a previous day should he well 
wetted before another layer is added to it. 

Uktainino Walls. 

In ordei- to jirevent the lateral shifting of tlu' ground in such 
cases whc're tlu're is a great difference between the levels, it will 
be found necessary to build retaining walls, llefore actually 
commencing any buildings, trial pits should be dug at different 
points of the ground to test its nature, as this may aff. ct the 
disposition of the buildings. As the result of these trials it may 
be found advisable to place such a building as a chimney-stack, 
for instance, in a different situation from that originally con- 
tem])lated, as a bettiT foundation may thus h(> secured than 
would be the case if this precautionary measure were not taken, 
and we would strongly advise a fresh disposition of buildings 
or plant in iirehirence to using piles for securing an adequate 
foundation. 


VuiK Station and Appliances. 

Any large works is now considered quite incomplete without 
its tire station and appliances, and in laying out the water mains 
hydrants should be placed at different points, with reels of hose 
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in suitable boxes, which should be readily accessible at the 
shortest notice, and so arranged that th(;y can immediately be 
brought into play. « 

All large works should be o()uipped with a portable steam 
fire-engine, and the works stafi’ should be organized as a fire 
brigade, with officers whose duty it should be to drill the men 
regularly and efficiently, prizes being ofiered for efficiency and 
smartness in turning out 

A V('ry suitable engine for use in large cbenucal works is 
Morryweather’s iin])rov(‘d doubk'-eyhndt'r “ (Ireenwicli steam 



l'T<,. 1 — “Greeinvioh” Steam Fire Eiif'ine. 


fire-engine, which, as shown in Fig. 1, is used by Messrs. 
Brunner, Mond *S: Co., and some details of its construction are 
here given. 

The increasing demand for pow'orfiil steam fire-engines of 
light weight has caused Messrs. Merr>'weather to develop their 
well-known double-cylinder engine, and to adapt it to run at 
high speeds. Although a slow-s]wed engine with a long stroke 
has many advantages, it is manifestly incapable of competing 
with a high-speed engine in the matter of lightness. Keeping 
this in view, the makiTs have constructed the “Greenwich” 
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engine, which, while retaining most of the best features of their 
old double engines, combines such novelties and improvements 
as to render it possible ,to obtain the same amount of work 
with a reduction of more than ‘20 per cent in weight, and 
without in any way sacrificing strength or durability. The 
“Greenwich” engine is built on the same principle as the 
“Metropolitan” (London Brigade) engine, but has double 
cylinders and pumps, and delivers more than twice the quantity 
of water per minute, whilst weighing only a few hundredweights 
more, as various mechanical improvements have been introduced 
into its construction. 

In the n*ew pattern engine, the makers have ainu’d at siicur- 
ing maximum [lower with minimum weight, consistent with 
strength and durability. They have also brought to bear their 
long exjierience m fir(‘-('ngmo manufacture in [H'rie(;ting the 
othi'r [larts that ent<‘r into the construction of a steam tire- 
engiiK', including (|uick steam-raising of boiler, gcnieral con- 
venience of (‘iigine for working, accessibility for rejiairs, dura- 
bility, strength and security, and elegance (if apjiearance and 
finish. 

The su])enori(y of the “ (Treeiiwudi ’’ eiignu' for heavy work 
is not nuimtamed merely Ix'causi* of its i|mck-steaming pro- 
pertu's and remarkable [luiiqimg capabilitic's, but also on 
account ol the I'xceedmgly high water pressure maintanu'd 
contmiioiisly whilst tlu' engine is w'orked. 'I'liis is an all iiii- 
[xirtant test of efficiency. 

The engine is constructed entirely nide]>endent of the frame- 
work. and IS complete m itself. The frame also carries, {a) 
Driving seat, and seats for firemen if reepnred ; (/>) a com- 
modious iron hose bunker, attached to the front of the frame, 
or large hosi; and implenumt box ; (c) brackets for suction pipe ; 
{(1) bunkers for coal ; (r) wrought-iron fore-carnage of neat and 
strong design ; ( f) strong wrought-iron axles, with high wood- 
spoke wheels for rapid travelling. 

The boiler is of the type known as Merryweather’s patent quick 
steam-raising boiler. Its various special features may be sum- 
manzed as follows: It is stoked from behind, and can therefore 
be fired whilst the engine is cn route to a fire ; steam can be raised 
from cold water m three minutes from lighting the fire, and to 
100 lb. pressure in from six to eight minutes, according to the 
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quantity of water in boiler, and other circumstances ; it main- 
tains steam to full working power continuously, being of ample 
capacity, eviiu when a common class of coal is used; for ex- 
amination or repairs the fire-box and tubes compleite may be 
dropped away from the shell by removing the bolts round the 
angle-iron joint rings. The tubes are always full of water, and 
the crown-plate is covered at whatever inclination the engine may 
be worked. The boiler is separate from the (mgine, and is not 



Fi(., 2.— The “ Greenwich Marumi 


subject L.i ilie working strain. The special design of the boiler 
renders it less liable tt> prime than some other makes. The boiler 
is made specially strong ; it is lagged with highly polished sheet 
brass, and is provided with all th(‘ necessary fittings, safety valves, 
blow-off cocks gauge glasses, patent injector and feed tank, to- 
gether with coal bunkers behind, with afoot-plate between for men. 

A useful manual engine, the “ Greenwich Manual,” is shown 
in Fig. 2. 
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Very frequently it would be found advantageous, if not, in- 
deed, rendered absolutely necessary by the exigencies of space, 
to utilize the boiler pump in combination with other ap- 
paratus for lire extinguishing. Tn any case th(‘ utility of such 
an arrangement is at once apparent. Such a plant (shown in 



:i.— Midland Hallway J'ateut Fire and IJoiler Feed Pump. 


■pig. 3) has been designed by Messrs. Merryweather, and com- 
bines a f{'cd-pnni}) for the boiler, and, when occasion demands 
it, a reliable lire-extiiiguishing apparatus. The fire-j)ump may 
be coniu’cted with indoor and outdoor hydrants, and will deal 
effectively with any supply up to HOO or 600 gallons per minute. 
This engine is composed of a ]6-inch steam cylinder, which is 
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inverted over the fire })nmp, and is 10 inches in diameter, with 
a stroke of 8 inclujs, and the steam is conveyed to the pump 
cylind(5r by a cast-iron distance piece, upon which two steel 
crossheads work on ^niides. One of the crossheads is connected 
to the man;j[anese-l)ronze pump-rod, and the other by a steel rod 
to the steam piston. There are also a connectinj^-rod with 
gun-iiK'tal end, and tly-wheel and crank shaft. The pump is 
double-acting, made of cast-iron, with gun-metal plunger plates, 
valve-seats and liner. The valves are specially diisigned for fire- 
engines, of india-rubber with backs of gun-iiK'tal, arranged under 
two covers, so that ready and dire(;t access to thi'in is assured. 
There is also fitted to the ])ump an automatic relief valve, 
wlK'reby, with the pump working, the sudden (‘fleets of the 
closing of hydrants or outlets may be mot. When used as a feed 
pump tlu^ disengaging gear stops tlie lire-(‘ngme, Tiii' capacity 
of the f(‘ed pump, which is of 4-incb diameter with 8-mch 
strok(‘, IS am])le for the reiiuin'ineiits of a 200 horse-power 
h(»iler working at a pressun* of ISO Ih., and is made of cast-iron, 
with hot-wii.ter valvi^s, hronz(' piston-rod and gun-metal liner. 
The pump is fixed on an angle. Iiracket, which is east on the 
distance piec,(' of tlu‘ engine, and driven dnx'ct from the upper 
crosshead. M’he whole pump may he removed tpiite separately 
when H'cpnred 

II tlu' le('d-piimp only is being used tlie sU'am is supplied to 
the engine by means of an automatic pr(‘ssu re-red ucing valve, 
an obvious (’eonomv. For a minor outbreak of firi' a small 
supply may Ix' ohtami'd diivct from tin* feed-])ump witlioiit 
necessitating tlie (‘oujiling of the mam pump All the various 
parts ol till' pump may he interchanged with any otluT similar, 
and all necessary fittings will lie found included. 

Fig. ‘I shows a eompleh^ system of fire ]>rotection as adopted 
by a large ('stahlisliment in Scotland, and earned out hv Messrs. 
Merry weat Her. 

The sujiply of water consists of a luill-dam at a considerable 
elevation above the yard, eoimmmicating by means of a 27-inch 
pipe with an open mill-race at the opposite end of the premises. 
As the 27-inch pipe could always be depeiid(*d upon for supply, 
it was decided to connect the suction pipe of a stationary fire 
pump to this, and to lead cast-iron mains from the pump to the 
various parts of the premises. The pump selected was one of 
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Merryweatlier’s dir(ict-aciinf» long-stroke pumps, with a steam 
cylind(^r 12-inch diameter, and pump diameter, with 

a stroke of 2 feet. The pump barrel, valves, and seatings are 
of gun-metal. The pump is fitted with capacious (.‘opper air 



vt'ssels, pi'cssure gauge, sluice valvt's, etc., and is fixed m an 
engine-house contiguous to th(‘ boilers supplying tlu' ])OW('rful 
engine of flu* null. Steam is used at a pressure of 00 lb. per 
square inch, wlu'n the maximum work is obtained from the fire- 
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engine, but it may be started with steam pressun' as low as 
20 11)., wliieli })ressure is always available^ in one of the boilers. 
The pump is also connected to a large tank placed on tlie top of 
the building, so that in the remote contingency of there being 
insufficient steam in any of the boilers to start the pumping 
engine, the mains could be cliarged and an efficient jet tlirown 
from any but the highest hydrants during the time the steam 
was being raised. 

Leaving the pump, the di'hvery main is carried in a straight 
line to the exinune emd of tlie yard, and is fitted with three 
gnnind hydrants to prot(‘ct the ollices, gasworks, etc. A branch 
is carru'd into the mill and up a staircase Ix'tween two blocks of 
buildings, each about 120 fe(‘t long, one having two stories and 
the other tlii’ee stones and attics. .\s tlie processes in this de- 
partiiK'nt are earned on with a consKh'rabh' amount of moisture, 
both in th(' atmosphere and tlie mah'rial. there' is no great danger 
of a rapid sjiread of fir<‘. The hydrants on each floor of the 
staircase were, therefore, considered sufficient to jirotect both 
buildings. Another branch is earned under tlu'mill to the back- 
yard, around which the most hai'.ardous buildings ari' placed. 
Hydrants are placed on each floor on the staircase, as it was 
considi'red that no one \\ould attem])t to use the hose in case of 
need unless a safe and ready n'treat was provided. The store 
adjoining contains the valuabh' stock of raw material, and this 
is protected on two sides by a hydrant m the mill avenue, and 
another in the yard, J'^acing the mill is the mechanic’s shop 
and a room which is most liable to accident of any of the build- 
ings, as stones or other foreign matter occasionally pass into the 
machines. This building is protc'cted by a hydrant in the yard, 
and as a further precaution small hoses are always <;omiected 
behind each machine for immediate use in case of accident. A 
hose cupboard 's placed against the wall near each underground 
hydrant, containing stand-pipe, hose, hranch-jiipe, hydrant key 
and hose wrenches, and above each inside fire valve the hose 
and appliances are hung upon hoards, so that tliey are always m 
sight and easily accessible. At a trial of the ajiparatus a jet was 
thrown eousiderably above’ the highest part of the mill, and four 
jets were thrown simultaneously. 

Kig. 4 shows a plan of the buildings, the suction-pipe ffjr 
the steam fire-engine being carried from the mill-race to engine. 
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and the black lines shown )»einff the fire main pipe. The num- 
bered dots on main are nndersjronnd hydrants. 

Fipf. •') show'8 a very useful hose cupboard intended for fix- 
ing against a wall near an iinde-rgnuind hydrant. It is made 



Eh. -Hose C.uplxwrtl. 

specially strong for outdoor use ll will contain lour lengths of 
hos(', staiid|)i])e, t\M) l)ranch-])i|u's. iio/./les, ]u)S(' and nozzle 
wrenches, etc 'I’wo glass door^, are litted with gooil levt:r lock 

and two keys. At the 
side IS lilted a small box 
with glass, to contain one 
key, so that, should a fire 
occur, an\ one can break 
the glass, get the key, 
and open tlu' cupboard to 
obtain the necessary liose, 
I'tc. The other key is 
ki'jit hv .soini' responsible 
person connecti'd with the 
establishment. Similar 
e.upboards are also used 
inside the huildmgs, being 
Eld Hoki> cupboiuti witii Piiiiu lljdnuit. jj, halls, cori’idors, 

and on staircases near hydrants, and, are nuidi' in each case 
to suit pri'iiiises, and of material and size required. Fig. (i 
shows a similar cupboard to Fig. 5, but designed to contain 
pillar hydrant, as well as hose and fittings. This can also be. 
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fittod in or out of doors, and lias key box with ^^lass side as 
descriliod aliove. It has a siiijiflG ‘|lass door, Jock, keys, and 
tlio necessary hooks, etc., to carry liose, liranch-pipi;, nozzle, 
wrenciies, etc. 



lie 7. — Mi'hH)')'. Crohliclil A Sons’ l'’irc with Kiif^inf's, and h’seapes 

Manni'd 


1’lie two steam fire-ei indues, made liy Messrs. Shand, Mason 
ife Co., of Ijondon, are contmiially kept under steam, bom^» con- 
nected with the works sti'am mam. Tlie lar^j;e steamer is 
adapted eitlicr for works or outside fires : it is provided witli a 
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O-inch iiiHiiuitanniiua suction, has five mstantaiieoiis coupling 
deliveries, and is e-a))al>le of punijiing ToO gallons of water per 
minute. Ii is also fitted with quick-hitching harness, and carries 
first-aid recjuirt'.ments, including a folding stretcher. 

The small steamer is fitted with a fixed 4-inch suction, and 
has a delivery of d5() gallons per minute. This engine mav Ix’ 
run out hy band, l^oth engnu's use oil fuel. 

IVI(‘ssrs. Joseph (.Irosliidd & Sons, at Warrington, have or- 
ganized an exi'elhmt works firi' brigade, eonsistiiig of thnty-six 
otficers and men. The training of the brigade is of tlu' most 
compndiensive characti'r, and is continually ri'Vised to he in 
accordance with the most modern practice Drills are held 
W('('kly, and comprise wet drills, hos(' runniug, ladder and 
escape jiractice, i’ompier scaling drill, and knotting and life- 
saving work. In addition to the general equipment of the 
fir(' station, which consists of two steamers, two esca])es, smoke 
helniot equijiment, hose carts, electric fire alarms, automatic 
fire indicators, etc,, each department m the works has its own 
apparatus, each piece of ajijmratus having a man m charge, 
who keeps it in order and uses it in case of firt'. Tlu' brigade 
.attends outside fires when requested, charging the ordinary 
fire-brigade rates. 

Many visitors to Messrs. Clrosfield’s works have si'cn this 
.efficient brigade titl’iied out. The engines, with escapes manned, 
is shown in Fig. 7. 

Ambulance Arkanoements, etc. 

Accidents of varying degre(‘s of seriousness an* iiu'vitahle in 
any large works, and it is becoming more! general to make pro- 
vision for dealing efficiently with these unfortunate occurrences. 
The most enterprising firms in the chemical and allied in- 
dustries have during recent years shown an increasing solicitude 
for the welfare of their workpeople in this respect, and this 
policy has been found advantageous both to the employer and 
employees. Prompt and adequate attention to injuries fre- 
quently results in reducing the severity of tlie mishap. The 
rendering of first aid on the spot will in many cases do much to 
reduce the liability for compensation, hut in any large works 
wliero the cinployi'cs are numerous, it is necessary, in order to 
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secure the advantages resulting from })rompt treatment, to 
organize an efficient system of dealing with accidents. 

In the most up-to-date factories, great care is now taken in 
dealing with this imj)ortaut question. 3’he necessity for the 
reporting of accid(U]ts of any degree; of seriousness is alone 
ampl(; reason for tlie extreme care which is now being shown m 
suf!h large works as those of Messrs. Brunner, Mond & Co., Ltd., 
or Messrs. Lover Brotliers, Ltd., for instance. Both these linns 
liav(' (istablished works’ surgeries; at Port Sunlight there are 
no fewer than six of those, fitted with all necessary appliances, 
where efficient first aid is given Messrs. Brunner, Mond Co., 
Ltd., reijuire their nuMi to go to the works’ surgery to have even 
the slightest abrasion of the skin projierly cleansed and pro- 
tected. This is one of the rules of service with the comjiany, 
and the result is that many cases of blood jioisoning have thus 
been pn'Veiiti'd. It would undoubtedly lx; wdl if many em- 
• ployers, who at prcisent have no sucli careful system of dealing 
with slight injui'ies, would follow the exain])le of the great 
Northwich firm. The value of sindi a jirocedure is amjily proved 
by the face that tlu; total cost for compensation in Messrs- 
Brunner, Mond & Co.’s works is under 3s. 2d. per til 00 of 
the wages paid. 

At Port Sunlight, in addition to the six works’ surgeries, 
there are eight ambulance stations in conviuiient positions in 
the various departments, each of which is well equipped for 
dealing with accidents. First-aid boxes are ready in all the 
surgeries and ambulance stations, and here also are posted lists 
of workiieople qualified to use the first-aid boxes. Cuts and 
scratches are dealt with by the ambulance staff in the surgeries. 
There are always at hand in every department workpeople able 
to render first aid, while a resident doctor is available for the 
treatment of ^ei ious cases. Some system based on the experi- 
ence of such works as those mentioned might easily be adopted 
in all large establishments. 

At Port Suiiliglit an Accident Committee is formed from 
representatives of the workpeople, careful rules have been drawn 
up, and these provide for investigation of accidents. According 
to Kule n, the principal duties of each committee shall be : (a) 
To promptly and fully inquire into and report to the company 
upon any personal accident, happening in the division (of the 
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works) ropreseiited by tho committee, wliicli prevents the injured 
pers()?j from following his or her usual occupation for at least 
six working days after the accident, and the cause of the same, 
and to make recommendations so as, if possible, to prevent the 
repc'tition of smdi accidents. The committee shall have power 
to visit tlu' site, make full inspection, lu'ar witnesses, and gener- 
ally investigate all the circumstances conmajted with the acci- 
dent. (f)) When sjiecially reipiested by tlie company to do 
so, to recomiiK'nd the conijieiisation (if any) to be offered to 
any injurt'.d person or pers ms. It is not sought to bind such 
person or peu'sons to accept such conijiciisation. (c) To nomi- 
nat(! quarterly two members of tlie committee, who, along 
with the divisional inanagi'r and a foreman nominated by the 
coinjiaiiy, shall make periodical luspcetions of the division, point 
out delects (if any), and make reeonimcmlations cakmlated to 
]>rev('nt aecidi'iits of any kind. 

Messrs, (‘roslield iV Hons hji,v(' an Ainliidanee ]>rigad(', thirty- • 
tlivei' strong, o{ whom ihrc'e si'i’veil through tlu’ Soutli AfrK'aii 
War; all are in possi'ssion of f lu* in<‘daIhon ; twenty -nine an* in 
possession of llie Ht. dolm’s Aiiihulanee Association hahi'l, and 
twenty hold effieu'iiey hadges . twelve are iiK'inlx'rs ot the Itoyal 
Naval Au.viluiry Sie-k I'.erth lleserve, which serves to j-ec.rmt the 
Naval Sic.k IUtHi ; eh'ven belong to the Military Home llns- 
pitals ib'serve. whic.h serxi's as a n serve io the Army Mi'dical 
Staff. Men on passing their third year an* given Liinform 
'I'lii'i'e are eight stations in the works when* first aid can he 
giv(*n, and in (‘ach e(*ntn' are posh'd tln^ names of the, men of 
the brigade* m tlu*ir H<*ction. To still further assist recognition 
hadges arc worn hy tliese men 

Idle* central auilmlanee* station, situah'd ne-ar the main 
chemical lalioralories is m charge of a ijiialifii'd man. 'J'he 
ecjuipnienl consists of stretclu*rs, splints, eluurs, tables, hot and 
cold watei-, bandage's, lint, cavhoh/e*d \va,t(*r, ale.eihulie ferric 
chleiride, carron oil, e>hvo oil, picric acid, solution of bicarbonate 
of soda, ete;. 'I’lie sub-stations are furnished with lint, bandages, 
carliolizeel wat(*i, eaiiTon oil, olive oil, jiicric acid, jilaste'r, wash 
heiwl, sponge, and scissors. 

At tlie mam station a reconl is kept of all easeis treated 
throughout the works, and eaedi month these are classified 
under the he'ads of nature, cause, and where; occurring. These- 
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analyses are sent to the departmental managers to enable them 
to prevent a recurrence, or at least to minimize the chances of 
a recurrence. All lads and men an! encouraged, by free lectures 
from qualified medical men, to learn ambulance work, and one 
hour per week is allowed out of the firm’s time for ambulance 
practice. To further stimulate interest a Crosfield Division of 
the Warrington Corps of tlie St. Jolm Ambulance Brigade was 
formed in 11105, the members lining required to put in a certain 
number of drills to keep them efficient m ambulanee work. The 
following IS taki'ii from the annual report, after inspection, for 
the past four years. “ 11)07 : Considering the short notice of the 
inspi'ction 1 c.onsider llu* parade and work jierfectly satisfactory. 
IDOS : A vi'ry smart Division. 11)01) ; This Division appears to 
be in H high stati' of efficiency. I DIO : The drill, both foot and 
stretchers, was very smartly performed, and th(‘ apjilication of 
splints and bandages showed th(‘ iikmi had a thorough knowledgi! 
■of the work I considei’ the Division is efiicient ” 

Tlu' men are also encoKrii.ged to form h-anis to conqiete for 
ambulanee jiri/x's at 0 ]k' 1 i Ambulance 'Tournanu'nts. The Am- 
bulance! l)i\ision attends duty at the Atliletic Sports or other 
public fiiiietions when re(|uired. During the winter instruction 
Ls given in lir.st-aid to new edasses liy the honorary surgeon. 
Lectures on ambulance work and sick nursing, with ])ract]cal 
work, have been gi\('n to the girls also, and have been well 
attendt'd. 

Eh'ven years ago the firm gave' a challenge shield to be 
cornjieteid for by all ceirps in the No. 4 District of the Bt. Jeilin 
Ambulance Brigade', C-olemcl 'rrimhle, V.D., M.D., (bM.G., 
the d^puty-commissieinen*, slate's that tins shielel has stimulated, 
in no small degre'e, the interest iii ambulance work in the North 
of England. 



(mAPTKIJ IV. 

TTIIO f*()\VKR IIOPSK. 

TAKiV(i a iu('(liiim-sizt‘d works, where a l)aiierv of half a dozen 
])oilers ef Lancaslnre tv|)e, JiK'asurni^; .‘iO feet loiij.; hy 8 feet 
(luinu'itT, js installed, and assnniinff that th<- factory is of such 
a naturci as to require continuous working, an arrangement 
suiiilar <0 that shown in the drawing (Plak* I.) would he very 
suitable. Here it will he. seen that th(' coal blinkers are arrangc'd 
directly ojqiosite the main battiTy of boilers, so that we have 
three separate longitudinal bins with gangways dividing them, 
on which a light tramway suitable for tijiping wagons may run. 
The coal can be tipped from these wagons from either side of 
the gangways into tin* hins, which an* readily acciissiblo to the 
stokers ('iigagi'd on the boilers. It will be noted that we are not 
describing a ])lant in which the latest ty|)e of elevators and 
conveyors are used, as it is only where the largest and most 
e.xtensive works arc concerned that plant of this type*, with 
overhead bunkers and automatic feeds, can be economically 
employed, the heavy initial capital expenditure placing such 
elaborate plant out of the reach of the average manufacturer. 

Whatever the size of the plant may be, it is desirable that 
the coal-store should be covered over. Ample space should be 
given from the face of the boilers to the commencement of the 
coal bunkers, so as to enable free use for the tools used for 
stoking and clinkering, as well as leaving a clear way in front 
of the boilers for conveying the ashes to one end of the boiler- 
house, where an elevator could be placed for disposing of these. 
The space between the face of the boilers and the bunkers 
should not be less than i'l feet, and we prefer even more, say, 
15 feet, this giving ample room for a covered trench in front of 
the boilers for blow-off pipe connections. 

( 88 ) 
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I’ossiljle future (extensions as regards tlie boiher-liouse, in 
common with otlier Imildin^^s, must Ihj kept in view, and a 
su^'g(!sti()n for future (extensions is shown lierie in clotted lines. 
It will of course he olivious that tliere ane many w\ays of effect- 
iu{4 th(' same olijieet The one shown would mak(e a f'ood 
arran^U'ineiit. 

Wlu re more than two hoih'rs an* (ein])Ioyed, of the si/ce 
mteii tunned, it is always (ronomieal to ]mt in an (eeonomi/er, 
with provision for adding a fiirtlu'r one as (eirciimstaiuees de- 
mand, wlien increasing tin' numher of hollers. 

With this ohjecet in vi(‘W the flue at the hack of tlu' hollers 
can lie so arranoed as to run parallel with tlie flue over winch 
the ocoiioiui/A'i-s are jilaced, with danijiers in suitable positions, so 
that the flue {^aises from tlu' boilers e.aii lu; worked througli the 
one fine direct to tlu' chimiK'V, or, hy ojx'ratin^ tlu; damjiers, 
call pass through (he (‘conomizer due liefore their final exit to 
the chimney. 

Itevolviiiff Vi'rtieal dampers on the mam line are alw'ays to 
he ])r('ferred to tli<‘ sliding type, as heino less likely to out of 
order. 

Tli(! nature of (he works will dieeido whether an independent 
chimney-stack is built for the jiower house, or whether one 
main works stack is made* to scirve for power bouse and for all 
other (lu(;s or furnaces in the works. Wliere the works are 
sutlicieiitly laroe to warrant the expenditure, it is )>referahle to 
provide indept-ndent stacks, luit luire, a^ain, jiossihle (ixtension 
of plant must he kept in iniiid’in iiroportionmg the size of the 
sta(!k. In any case*, the <;himney-stack should he a se})arate 
structure, and not he built on to any other building. Disastrous 
consecpiences have resulted from this latter jiractice in several 
cases, cau.sed )»y uiu'qual settkauent between a much lighter 
building being attached to a luiavy chimney-stack. 

A ligl ming conductor should he attached to the stack, with 
one or mort' ])oints. 

Where tlu; arrangement of the chimney is sucli as to have two 
flues entering at ojiposite sides, the one flue, say, taking the 
gases from one battery of boil(;r8 and the other serving another 
battery of boilers or furnaccis, as the case may he, it is customary 
to build a mid-featlicr wall for some 20 feet or 80 feet high inside 
the chimney, in order to prevent the gases from the two souic(*s 
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from having one another, which would happen if this mid- 
feather were to be left out. 

The foundations for the chimney-stack retjuiri! to be very 
carefully put in, owin^^ to the ^reat weight to be carried, and in 
carrying up tlu; Hev<jral courstis of luickwork strict supervision 
should he maintained, to ensure that m no case should any catch- 
ing up of the level be attempted by introducing bricks on edge 
or a thicker (juahty of brick or joints. The thickness of the 
bricks and joints should lie kept uniform throughout. Except 
m chimneys of very large diameter it is necessary to have, the 
hricks made' in special moulds to suit tlu* radius of the chimney 
in <|ueslioii, as to build a chimney with sijuare hricks would 
involve very largi' joints, and the work should proceed with 
not li'ss than one course of headi'rs to every five courses of 
stretclu'rs. 

4’he chimney shown in tin* drawing is a very good example 
ol a suital)l(' works chimney, and it will he noticed how the 
hrickw'ork gradually diminishes towards tlu* top by offsets at 
distances of evi'ry lio jei't in height. Whether the ehimney is 
tinished off with an iron cap or stone or a vitix'tied cap or stoni' 
depi'iids to a grc'al extent on the luitui t' of th(' gases to hes dealt 
with, and as to w'h<'ther tliesc* would affeci the cajiping 

liiwertiiig to the boih'r-house., the best type of roof is hoarded 
and slated, wuth a louvie running tin* whole length. A double- 
span roof is shown in the drawing, and any ('xtension could Ix' 
carried on in tlii' same wa\ 'I’he drawn ngs show the si'tting 
of tlu^ hoilei's and general arrangement of the steam-pipes and 
rim-olf pipes connected with the lilow-off from each boiler. 

When a boiler has been blown out or let down for cleaning 
or n'pairs, ])rovision must be made lor refilling ; for this purpose, 
diri'ctly over the man-hole of each boiler, and transverse to them, 
is arranged a line of water-pipe with a sliort connection, so that 
any boiler can be easily and ijuickly filled from this source. Of 
course the usual supply to the boiler when under steam is 
through the feed valves ou the lioiler front plate. 

Where the (piantity of water evaporated is taken account of, 
a water meter should be connected to the pumps feeding the 
boilers. 

The feed pump or puiujis for the boilers is preferably placed 
in an adjunct to the boiler-house, so that the working parts may 
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1)6 ke})t free from the dust which inevitably rises during stoking 
and clinkering operations. 

Touching upon the boiler setting, special blocks upon which 
the boilers rest are made by several well-known firms, between 
which it would be invidious to make a distinction, but in our 
•own ])ractice we have used the Poulton form of block, and have 
found it to be admirably suited for this purpose. These blocks 
•are made in two sizes, to suit the width of side flue used. As 
in all fire-brick construction, care must be taken that all the fire- 
clay joints are as thin as possible and carefully made, and that 
the setting should not permit of any air being drawn into the 
flues from the oiitsidi', through the brickwork. 

The main steam -])ipe eoimeeting the boilers should have 
('.Kpansion joints at suitable, distances, and all pipes, and also the 
tops of th(' boili'rs, should hav(> a good covering of non-conduct- 
ing materia!. Here, again, tb<‘ choice of such mahirial is large, 
and the difl'en'iit kinds arc almost too numerous to mention. 

Apart from the ixmeiit to b(‘ deriviul from tht' installation of 
ec.onomiz(Ts, a wate.r-heater taking the waste steam from the 
(Uigiiu' or <uigines is recommemb'd, and room for this can be 
found 111 th(' same house with the pumps . m some cases it is 
found conveiinml to place the heater over the to)) of the main 
flue at the l)ack of tlii- boilers. 

Most of the makers of economizers |)re.tVr the feed-water not 
to enter them cold but pass through a feed-water heater first. 
Where this is not done' (iri'en’s system is to take a small pipe 
from the economizer to a pump which draws a small (juantity 
of th(‘ heated water from the economizer and mixes it with the 
cold water, which is again fed into the economizer, thus making 
the economizer heat its own feed-water. 

Although in modern works testing of the flue-gases is carried 
■on at frequent intervals, still, the more common practice of 
watching ti e exiN from the chimney, as the smoke inspector 
naturally does, for black smoke, makes it necessary that the 
stokers should always have the chimney-top in view, and this 
may be obtained by a skylight placed at such a position in the 
■roof of each of the bays over the boilers as to ell'ect this. 

The engine-house may be built on to the boiler-house, or it 
may be a separate building, if thought advisable. ^J’aking future 
•extensions into consideration, a separate building would prob- 
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a})]y loud itself b(;ttcr for the earryinj^ out of such extensions, 
and a^ain, such outside conditions as jiossibic condensing towers, 
or n'servnir of feed-water for the boilers, might influence the 
design as to the sejiaration of tb(! ])owor-liouse, or otherwise. 

4^h(' ('iigiiie-lioust' we have in mind is more suitahle for a 
works where eh'ctricity is employed mainly for driving the 
various tnaebinery and plant, !i,nd provision .slionld be made for 
an ovi'i’liead traveller, running the wliole lengtli of tlie bouse, in 
order to (luickly deal with any part of the plant in e.ase of re- 
moval or re])airs, and the door at the end should Ix' suflieiently 
large, wIk'Ii fully opened, to admit of the passage of the largest 
piece of plant, be it ('iigiiii* or motor, that would bi' located ui 
this liousi', and a smaller doorway framed within tlie larger one 
for ordinary use. 

WIk'Hkt the eiigiiK'-house is se.parated from the boiler-house 
or not, ready aeeess must be provided betwi'en the two, as the 
one is dependent so largely on tb(‘ other. 

duplicate .svstmii of st('am-pipes from boilers to engine- 
house IS to be recommendi'd as a sah'guard against breakdown. 
It IS preli'rabk' to ])lace the flour of the engine-house above’ the 
ordinary ground level, so that the cables from tlie motors can be 
carried in suitable cbaiiiu’Is lu'Iow the floor of tlie bouse to the 
switch -board. 

Taking all things into consideration, we think it is di’sirable, 
as regards the engme-liouse, to contemjilate a possibk’ duplica- 
tion of ])laiit, and to make the huilding suflieiently large to 
accommodate this ni the first case, as such a preivision will 
prohahly meet all future requirements. It will be apparent, on 
careful consideration, that to provide room for a duplicate sot of 
engines and motors would he nothing comparable with the ex- 
tent of room and accommodation required for a duplicate set of 
boilers, and it is therefore worth while to build the engine-house 
sufficiently large to meet future re(|uiremeiits. 

All valves, whe.ther on pipes, boilers, or other jilant, should 
be readily accessible, and permanent means for reaching them 
arranged in the case of those that are out of hand reach, tO' 
obviate the necessity of running for a ladder when suddi'ii need 
arises for operating any of them. 

Valves . — All valves belonging to main water supplies, gas 
supplies, and steam supiilies, and also fuses of electric mains,. 
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should be drawn out in a diagrammatic plan, with descriptions 
attached, and hund up in the tiine-kec])er’8 office, so that in 
case of accident the valves slmtting off ditferent de])artm('nts 
can 1x5 readily located and the particular section isolated. 

Flues, etu. —Again, considi'rahle im])ortan(;(; should l>e attache.d 
to the disposiiion of flues, drains, and sewers underground, as 
these' are ofti'ii lost sight of. Plans of them should he kept, 
and any alterations should he recorded on these plans, in ordi'r 
to kce]) these. U]) to date. Such procedure will !fre(piently save 
much time and lahour. 

Antomaiic Hiokers .- speaking of the hollers, although we 
have not described mechanical stoking, a conihination is often 
found to !)(' an advantage, hy having the firt'-hars actuati'd hy 
a Cam motion which ht'lps considi'rahly to keeji tlie liars from 
clinkering. 

Steam liaisiuij . — It mus*t lx* liorne in mind that the modern 
practuH' in steam raising is to iisi* much liiglu'r steam pressures 
than was formerly the case. Pressures of 200 Ihs. and upwards 
are now very common, and it is n'cogni/.ed that it is far more 
economical to raise steam at a high ])ressnre than at a low 
pressure, and to use reducing valves to such plant as requires a 
lower pressure than that generated at the hollers. 

A great many advocates in steam practice are, to he found' 
for superhi'ating steam, and where this has to be earriod tO’ 
plant at long distances from the, IxAlers, and wliere a great deal 
of cond(>nsation would naturally take place betweein the points of 
generation and ap})lication, the question of su]Xirheating deserves 
attention. Highly sujierhcaied steam is said to alfect the surface 
of cast-iron, jutting taking place where the sujjerheating has been 
carried to excess, hut tliis has been chiefly noticeable in the faces 
of the valves of engines where superheated steam has been used. 

Where high pressure is emjiloycd, tlie steam-pipes generally 
used no\\^ ire steel-flaiiged jiijies, and vulcanite packing rings 
form the best joints. Kuhher is soon vulcanized and iierishes 
where liigh temperature exists. Next to vulcanite, millboard 
or asbestos sheet, or thin gauze copper rings with a little red 
lead coated on them, form a good joint. 

Where it is frequently necessary to break a joint, this is 
facilitated by giving the milllioard or asbestos joint a coating of 
blacklead. 
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As a safeguard against gas explosions in the boiler flues, it 
is advisable that a 2-inch hole should bo bored through the 
upper part of the dampers to allow uiiburned gases to pass 
through. 

During rcicent years forced draught has come into use to a 
very groat extent, especially where an inferior class of fuel is 
burned, or where the natural draught is not sufficient. 





Kuf. H. — (imm’s Econoniizpi ■ Front Rlovatinn. 

The Dconomizek. 

Tt is well known to all st(‘ani-users that in the generation of 
steam the principal source of waste is the loss of heat by the 
chimney ; this loss, even under the most favourable conditions, 
is much in excess of what is necessary to provide the requisite 
chimney-draught. The utilization of this surplus heat, for 
heating up the boiler-feed water, is best effected by Grreen’s 
economizer, and we are indebted to the makers, Messrs. E. 
Green &, Son, Ltd., of Wakefield, for the illustrations, Figs. 8, 
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9 and 10 horo given, which clearly show the construction of th^ 
apparatus. 



Eici. !).— Ort'en’K EdoiMmuzn ; (irouml Plan Showniff Soot J’lt. 



Eih. 10 . Gvoch’k Eoouomizor ; CrosB-HOction through RoonoTuizer Chamber. 

The hot gases pass through the economizer chamber to the 
chimney, and the difference in temperature between entering 
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and leaving is to a groat extent absorbed l)y the apparatus and 
inipartiid to the feed water, which enters the boilers at a high 
temperatui'o. The boiler power is thus augmented and a 
uniform and easy rate of steaming maintained, while a reserve 



Fifi. 11.—“ Sentinel Junior” Simple Steam Engine, by Alley & MaoLellan, Ltd. 

of hot water at from 200 to 300 degrees Fahr. is always avail- 
able. This latter point is of special value wherever a large 
quantity of hot water is necessary for process operations. 

Heating the feed water by means of an economizer is not 
only a direct advantage on account of the saving in fuel, but it 
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prevents damage to the boiler by unequal expansion and con- 
traction, which always occurs when the feed water is introdiiced 
cold. Green’s economizer is too well known to require recom- 
mendation here ; no modern boiler plant is considered complete 
without it. All parts are strictly interchangeable. 

'The economizer consists of a aeries of cast-iron tubes, 9 feet m 
length by 4V‘'„ indies in diameter. Tliese an; arranged in sections 



Fio. 12. — "Sentinel Junior” Steam EnKiue, by Alloy A MacLellau, Ltd. 
(Sectional Drawing). 


of various widths, across the main flue, between boilers and 
chimney. When in position the sections are connected by 
branch pipes. The waste gases are led to the economizers by 
the ordinary flue from the boilers to chimney, and the feed 


48 


CHEMICAL WOEKS HESIfiN AND EQUIPMENT. 


water is forced into the econoiiiiz(?r by a boiler pump or injector. 
Kacb tube is encircled I)}" a set of Hcraper.s which keep the tubes 
free fi'om soot, the scrapers being worked from convenient shaft- 
ing or a small independent motor. Easy access is provided to 
all parts of tbe apparatus inside the fliu!. 

In the installation of new steam-raising plant ample room 
should be provided for extension of the economizer apparatus, 



Pio. IS.— “ SentiiU'l .Tiuiu)) ” Steam Engine, Showing Acee^Kihility of I’aitH. 

and it the apparatus is not put down with tlio boiler plant in 
the first instance, space should be provided for its subsequent 
installation. 

Steam Engines. 

Of the importance of the steam engine in tiie scheme of 
power supply to any works, large or small, it is unnecessary to 
write at any length ; tluj question of selection of plant is the 
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point to be considered here. Fig. 11 shows a type of engine, 
the “ Sentinel Junior,” made by Messrs. Alley & MacLellan, 
Limited, of Glasgow, which is suitable where small units are 
required, and which, while highly economical, is thoroughly 
well made, free from complication, very solid and strong, and 



Fi«. 14. — “Sentinel .Tnnior " Fan Engine. 

moderate in price. These engines aie very useful for small 
lighting and power generators, fans for boiler draught and 
ventilation, centrifugal pumps, small factories and works, and 
for use with compressed air. 

In the planning of these engines the makers have embodied 
n unique experience in engine manufacture, and their reputation 
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is such that no hesitation need be felt in adopting /the “ Sen- 
tinel Junior Close steam consumption is guaranteed on every 
size ; the upkeep is extremely small, and the engines are fully 
automatic in oiling and greasing ; all woiking parts are en- 



closed, and, foi’ the purposes indicated, th(!y may safely be 
regarded as emincmtly suitable. 

It generally pays to use “ Sentinel Junior ” tandem com- 
pound engines for pressures above 100 lb. per square inch when 
exhausting to atmosphere and for pressures above HO lb. when 
exhausting to a condenser. 

Pig. 12 shows clearly the constmetion of the* simple type 


Fig, 15. — “ Sentinel ” Compound* Double-Acting Steam Engine, 
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of this engine. In the tandem compounded form the high- 
pressure cylinder and its gear are placed above the steam 
cylinder shown in Fig. 1 1, which then becomes the low-pres- 
sure cylinder. 

This type of enclosed engine is much superior to many of 
the wasteful open types, but although possessing all the ad- 
vantages of the best make of enclosed engine, all the bearings 



Fig. H5. — MO Ijoisi'-iMiwcr “Sentinel” Triple-Expunmon Steam Engine. 


and glands are readily accessible, as is shown by Fig. 13. The 
makers strongly warn users against the temptation to speeding- 
up an enclosed engine, especially when direct driving a dynamo. 
The stresses increase as the sqvure of the revolutions ; hence in 
an engine running at GOO revolutions per minute the stresses 
are two and a quarter times as great as when the same machine 
is running at 400 revolutions. 
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14 shows a very handy “Sentinel Junior” suitable 
for driving fans for ventilation. This arrangement of engine is 
suited for any purpose where a governor is not reijuired. 

Fig. 15 shows a “ Sentinel ” high-speed engine, of the 
compound double-acting forced lubrication type. This engine 
IS in cxte.nsive use for the generation of electric light and power 
in factories, and also for belt or rope drive. It is suitable for 
100 to I HO lb. steam pressures, condensing or non-condensing 
— a thoroughly economical engine, steady in running, well 
governed, and of excellent workmanship. 

Fig. 1() shows an 850 horse-power “ Sentinel ” engine, triple 
('xpansion. double-acting type, direct ilriving balancing dynamos 
for lighting work, suitable for 110 to ‘200 lb. steam pressure —a 
very suitable engine for a large establisliiiKMit. 

The Steam TiimiiNE. 

In many large chemical works, and in the allu'd iiidustrii^s, 
it is necessary to make provision for the su])ply of very con- 
siderable volumes of electric current, and in the ('qui[)me,nt of 
the power-house the steam turbine is rec.eiving close attention. 
The steam turbine in a jiractical form was first introduced hy 
ihe Hon. C. A. Parsons in IHHI, and since that time it has been 
contiiinally improved, until it now holds lii^t place as the ehea^iest 
and best geiu'rator of electricity. Its ])nnci])ai advantagi's are 
th(' low first cost : tli(' small space oec-iipied ; rajiid erection ; 
mmimiiin cost of iijikeep and repairs; the small cost of lubri- 
cants (the makers claim that while the cost of oil for a recipro- 
cating engine is 7 to 10 jier cimt of tliat of tlu* coal, for a steam 
turbine the figure is only \ to 2 ])er cent); the absence of 
cylinder lubrication, enabling the use of the exhaust steam, 
particularly in chemical works, for process operations; the 
absence of vibration ; th(* small attendance required, one man 
lieiiig able to look after several large turbines; the excellent 
governing ; even turning and good parallel running ; while 
priming of the boilers (a very serious matter with an ordinary 
engine) has no effect on the turbine bi'yond slightly reducing 
the speed ; while overloading can be indulged in to any reason 
able extent. 

These advantages are so great that where the erection of a 
large power-house is under consideration the claims of the steam 



THE POWEIl HOUSE. 


58 




1)4 


CHJ'jMIUAJj WUKh-h r-mv 


burbine call for close examination. In this chapter the authors 
bave been enabled, by the courtesy of Messrs. C\ A. Parsons & 
Co., of Heaton Works, N(;wcastle-on-Tyne, to include a full 
lescription, with illustrations, of some of the principal types of 
Llie apparatus. 

In its simplest form the steam turbine may consist of one or 
iiore nozzles which direct jots of steam tangentially on to suit- 
ible buckets or blades mounted on a ring or wheel ; this form 
s termed the impulse type of steam turbine. Or it may consist 
)f one or more nozzles cariksd on an ann or disc pivoted at the 
;entre, the steam issuing tangentially from the nozzles and by 
ts reaction csausing the disc, to rotah* ; this latter is the reaction 
ype ol turbine. In the Parsons’ compound steam turbine both 


))))))))))) 

F,.co waawvvaa. 

Mov.nc Slaocs ))))))))))) ^ ^ Moving Blades. 
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,hcse types are. combined, the turbine consisting of alternate 
•OWH of fixed and moving blades, eacli set of fixed and moving 
dados being like a simple turbine complete in itself. 

On entering the cylinder the steam passes thi-ough the first 
row of fixed guide blades, winch direct it in a number of streams 
in a tangential direction on to the first row of moving blades, 
thus imparting to them a rotational force duo to the impact of 
die steam. The curved shape of the passage through the blades 
reverses the direction of the steam, so that it issues from the 
iioviug blades tangentially but in the opposite direction, and by 
ts reaction imparts additional rotational force to the moving 
ilades. The steam then roaches the next row of fixed and 
uoving blades, where a. similar operation takes place at each. 
Che energy to give the steam its high rotational force at each 
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successive row of bladfis is supplied by the drop in pressure, the 
steam expanding gradually by small increments. 

With regard to the economy of space which it is possible to 
effect by the use of the steam turbine, Vig, ‘20 shows this sav- 
ing in an installation of turbo-blowing engine and (Hindenser, 



Fir.. 20\.— Rliuwing tlu* SiMii*; of Space Elleeteil liy Steniu Tnihme. 


where the superiority of the turbiiu' over tlu; reeipiocating 
engine of equal output is very evident. 

The steam turbim; which is shown in Fig. 17 consists of a 
cylindrical case with rows of inwai’diy projecting blades, within 
which revolves a concentric shaft with rows of outwardly pro- 
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jectinj^ blades. The steam enters at A on the lower half of the 
cylinder, thus leaving the upper half quite clear of steam pipes 
and all obstructions, and facilitating dismantling. It then 
passes successively through the different rows of fixed and 
moving blades as explained above, and leaves the cylinder 



Ei(.. 20r.. Showui-; tlie Savin" of Space' Etlectcd by Stcani Turbiiif 


through the. exhaust pipe 13. In order to give increased passage 
way for the stiiam as it expands, the shaft is made with throe 
steps of different diameter, the heights of the blades being also 
increased. 

The steam, in addition to its rotational force, exiiits a pres- 
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sure endways along the shaft on the surface of the blades and 
the shoulder of the shaft. This is balanced by the dummy pistons 
O' (V' C"’, as shown in the section. They are made of diameters 
corresponding to th(5 different parts of the turbine they balance, 
and are sup])lied witli the corresponding steam pressure through 
the pipes 0' J'". The shaft thus runs in com])lete balance end- 
ways, and can b(‘ moved backwards and hu'wards with a light 
level' even when the turbine is running under full load. In order 
to prevent steam leakage, grooves are turned in these pistons, 
into which project, without, however, touching the moving 
parts, suitably shaped strips of- brass caulked into grooves in 
the cylinder. The whole form a labyrinthine passage offering 
groat resistance to the esoajie of the steam, most of which is 
carried round and I'ound by tht' skin friction of the dummy pis- 
tons, producing a most effective screen against k'akage. The 
two glands D, where the shaft leaves the turbine casing, are 
constructed in ])recisely tlie same manner. 'J’lie steam for pack- 
ing them is olitaiued from the exhaust of tlu* steam relay, a live 
steam connection being fitted for use before starting up. An 
ejector is also litted to draw the excess steam away from the 
glands. 

The coupling between tiie turbine and generator is of the 
flexible claw type, to allow for slight differences in alignment 
of the two portions of the plant. The thrust block E at the end 
ol the turbine shaft merely kei'ps it m place, with the right 
clearance between the fixed and moving parts of the glands and 
dummies, and adjustment is made' in a few minutes with a small 
liner behind the thrust block. The shafts thcmsel\(>s are solid 
steel forgings in the smaller sizes, while m the larger sizes they 
are built up of hollow steel drums machined inside and outside, 
and then carefully slirunk together and piimt'd. 

The blades are composed of a special bras.s alloy which long 
expi'i-ience has proved to he the most suitable. This is rolled 
and drawn to the reijuired section, and highly polished so as to 
ensure the friction with the steam being as little as possible. 
Eor the first few rows of blades, copper is used instead of brass, 
as being more suitable for su])erhcated steam. As will he seen 
irom Eig. IH, the tips of the blades an' thinned, so that in the 
case of their touching, the ends are merely ground away or 
slightly bent over. This improvement has been found to afford 
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additional socurity without at the same time alfecting the steam 
consumption. 

Kor many years past the blades have been caulked one by 
OIK! into grooves in the cylinder and shaft, a method which has 
jiroved satisfa(!tory. Messrs. C. A. Parsons A Co., however, 
have devised, and are now using, several methods of assembling 
and holding the hlad(!s in complete sectors of suitable lengths 
ready for insertion in the cylinder and spindle. Those sectors 
(!aii all he pri'-paretl beforehand and k(‘pt ready in stock, so that 
the a(!tual o])eration of lixing the blades in the grooves of the 
cylinder and s])indle is done very (phckly. In one- form the root 
strip IS iniuh' a continuous c(»mb, into which the blades are 
msi'rted ; llie tc'eth of the comb are then squeezed down tight 
one by one in a suitable automatic machine, and the whole is 
then lient to tlu' reiiiiired curvature to tit the spindle or cylinder, 
'riie sector goes into a dovetaihul groove and is fixed tiien wiiii 
a caulking strip. In another form, ajiplicahh' also to ('Xisting 
tiirliincs which hav(' been already hladed by tlie older im'thod, 
the standard blades and jiacking pieci's an* jiimidiid with hohis 
by which thi'y are strung on a wir<! ot suitabli* section . they 
are then driven up tight in a former curved to tlu' right radius 
for the pari of the c\hnder which they have to (it; the I'lids of 
the sector bi'ing secured by riveting or any otlun- suitable method. 
The complete sector is then ri'adv for fixing in the turhiiu' by 
caulking in the usual manner In all these methods the full 
strengtli of the blade is maintained unim])aired right into the 
root ll.xing, there being no swaging or spreading out ol tlu' root 
or possihli' cracking ol the metal, whih' at the sanu' turn' th(‘ 
liold on the root is so firm that there is no fear of tlu' blades 
coming loos('. 

Tlu* wholi! of the lubrication of the hi'aniigs, thrust block, 
worm, and governor gear, etc., is automatic, the oil being drawn 
by the pump h from the tank (t. This jmmp is of the rotary 
type, consisting of tw'O wheels gi'aring into one anotiu'r, which 
sweep the oil under consid<Table pressure round the outiT part 
of the casing. It is placed low down, so that it is eonstantly 
flooded, and since it has no valvi's and is drivcai liy a jirolongation 
of the governoi' sliaft, its failure is practically impossihh!. For 
flooding the hearings hefon* starting up an additional small hand- 
jiuinp IS fitted. A cooler is also provided to reduce the tempera- 



TJIK I'OWKK HorSK. 


(51 


lure of the oil. Since there are no rubbing contacts inside the 
cylinder, no lubrication is required there, a fact which can be 
appreciated by those who realize the troubles of lubricating the 
cylinder and piston rods of ordinary engines, especially when 
running with superheated steam. As the same oil is circulated 
over and over again by the pump, and since no lubrication is 
required in the cylinder, the total consumption of oil is exceed- 
ingly small, and this has a considerable effect in the cost of 
generation in a largi* station. In a jilant where a JOOO h.p. 
blowing engine has been running for three years, the total cost 
of lubrication averages Is. 9d. per week, and similar plants 
<'lsewhere have given eipially goiKl results. 

The governors lliemselves are of th<* centrifugal type, with 
the springs actin.r directly betwei'ii the balls, and are both 
mounted on the sanu' s]>iii<lle H, driven off the mam turbine 
shaft by worm and worm-wheel. Steam is admitted, to the 
turbine in a series of gusts by the periodic ojiening and closing 
of a doublebeat valve, operated by a steam relay in mechanical 
connection with Uk* turbiiu' shaft, the duration of each gust 
being r('gulat('d by the position ol the governor lialls and collar. 

< )ne end of the govi'rnor hwi'r controls the plunger valve of the 
steam relay, and the other end is furnislu‘d with a small roller, 
which runs on the collar of the goviTiior. This collar has one 
hide higher than the other, and as it turns round, raisi's and 
lowers the (Mid of tlu' giweriior Uwer, and thus gives the periodic 
motion to the valv(‘. For hand adjustment of speed, a separate 
collar, spring, and lever are fitti'd to the governor. In addition, 
a runaway valve is also fitted, being held open against a spring 
by a catch and double trigger arraiigenu'nt, so di^signed as to 
reduce pressure on the point of th(‘ catch to a minmuim. In this 
way the release of the valve takes very little force and is ex- 
treinelv regular in its action, always cutting out at the speed for 
which it IS sei. There is also a lever provided, by which the 
valve can be tripped by band. 

The work doin' by the governor itself is merely a slight 
alteration of the mean position of tlie lever end, and the relay 
plunger attached to it, the amount of travel remaining constant. 
The volume also of steam in the turbine is comparatively small, 
and passes very quickly through to the exhaust, so that the 
turbine itself responds at once to the governor, and the energy 
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Ktortid up in the rntatiu}^ parts beiii^ lar^e, the variations in speed» 
niomentarv and permanent, an* very small. 

The turbine can efficiently expand tlie steam to a very hifjh 
degree. To secure the greatest efficiency, the condenser should 
he so designed that the temperature of the circulating water 
when it leaves the condenser is as close as possible to tliat cor- 
responding to tlu? ViLcuuni obtained ; the subject of condensing 
plant and th(' proper distribution of steam in the condenser has 
been closely studied at Heaton Works with this end in view, 
and more tlian 150 coiukuisers have been supplied giving most 
excellent results. In many cases it has been found desirabU; to 
increase the volume of circulating water and also its velocity 
through the tubes of tlie condenser This entails a larger 
motor for the circulating piimj), but the total extra power re- 
quired will not exceed l.l ])er cent of the full output of the 
generator. The vacuum is 27*5 inches to 2K inches, with cooling 
water at 7(r 'H'., instead of a vacuum of 26 inclies t<i 27 iiielies, 
which would he usual under ordinary conditions. 'J'he net gain 
in sti‘am consumption, after deducting lh(‘ extra jiower reipiired 
by the motor, is 4 per c(mt t(» 5 per c(mi, without any increase 
in the size of the condonsi'r. 

In order to further improvi* the vacuum, the vacuum aug- 
ment ir (h'lg. 2d) has been introduced. 'J’his apparatus consists 
of a steam jet ejector which is placiMl in the pipe betwi'i'ii the 
condenser and the air-pump and draws tlu' air and va]H)ur 
away from the condenser, delivering it to the air-pump, the 
vacuum being much improved. Hv the augmentor the air and 
vaiiour are compressed to one-fourth of their volume, and are 
delivered through a small au.\iliar\ condenser (where they are 
cooled and the steam condensed) to tlu* main airqmmj). The 
condensed water from the main condenser flows directly to the 
air-pump suction by a stiparate pipe which is water-sealed. 
The consumption of steam by the jet is only about 1 to^ll ])er 
cent of the total steam required by the turbine at full load, and 
the net extra gain in steam consumption is about 5 per cent. 

In many cases where engines are running non-condensing, 
an exhaust steam turhiiie (Tig. 22) can bt* installed with advan- 
tage, if any water is available for condensing. I’hc work ob- 
tained from the steam will practically be doubled, and there 
will be no actual lo.ss of water even if cooling towers are used, 
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Pio. 22.— Exhaust Steam Tarbine (0. A. • Parsons •& Co.). 
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for the watiir lost by evaporation under ordinary conditions is 
only 80 per cent of that condensed. A steam accmnulator will 
only be required where the supply of steam is intermittent, and 
Messrs. C. A. Parsons A Co. have an agreement with Professor 
Itate.au for tlui supply of his type of regenerative thermal ac- 
ciniiulalor whenever required. The exhaust steam turbine' can 



(h ive any of the different types of machinery usually driven by 
the steam turbine of the ordinar}' type. 


EiiEc’TKicAL Fittings. 

Where electrolytic processes are in use, the power required 
for these must be taken into account in fixing the size of the 
generating plant to be laid down, as in our former remarks wo 
have only included generating power for motors and lighting. 
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It is the cuBtoiii to carry the main cable from the generating 
station to a main distribution board, situated in the most con- 
venient part of the works, and at as short a distance as possible, 
for sub-distribution to other distribution boards. In this way it 
will at once be apparent that the cable leading to the first dis- 
tribution board must be sufficiently large to carry current for 
subdivision to the other points from which current is taken, 
and that it is much easier to carry cables of a small size to the 
different units than to carry larger cables direct. Bearing in 
mind the fact that fuses and switches should he so placed as to 
1)0 easy of access, it must also be kept in view that all electrical 
apparatus should he well protected from misuse. To ensure 
this it is advisable tliat notices forbidding unauthorized persons 
to handle tlu’. various electrical apparatus bo posted wherever 
the switches are fixed. 

The Inohky Automatic Weiohino Mai’Hinh. 

A veiy useful apparatus which will find application in many 
large works is the Ingrey automatic weighing and recording 
macliHie. The advantage' of having the weight of bulk material 
automatically recorded during the loading or unloading of a barge 
or vessel is obvious, and an equally advantageous application is. 
that of automatically recording the weight of coal fed into the- 
hoppers of boilers. Th(' Ingrey machine, as made by the Klein 
Engineering Company (1908), Limited, of 94 Market Street, 
Manchester, is shown in Figs. 8, 9, and 10. 

The machine illustrated in Fig. 8 is arranged for weighing 
and recording the weight of a load when delivered to it by a 
“ grab ” or “ skip ” from a crane, and is specially applicable 
when tht^ coal or othei' material is brought by barge or vessel 
alongside a wharf. The apparatus is quite automatic in its 
action, the weight or impact of any load setting it into operation 
and indicating upon a dial not only the weight of the individual 
load but recording and adding the weights up to 100,000 tons, 
after reaching which the recorder commences afresh at zero. 

This machine does not deal with any predetennined load, 
but indicates and records the weight of each delivery, no matter 
how much this may vary. When a “ grab ” is employed the 
quantity grasped is very uneijual. 

The recording apparatus is contained in a dust-proof case. 




and speed of oporatin^^ can be varied to suit any special 
reqnn ements. 
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An important foaturo of this machino is that when receiving 
^nd discharging its load the wtngh-hucket is raised clear of the 
knife edges, so that the vihi-ation caused by the discharge from 
the grab operating doors, etc., is not communicated to the indi- 
-cating and recording mechanism. 



l'’wi. ‘.I.— Tho Ingrey Antojuiitic Weighing Machine : Stationary Typo. 


The liigrey machine is now very extensively adopted where 
mechanically-stoked boilers are employed (Fig. 9). It is usu- 
ally driven by chain gear from the stoker shaft, and th(; power 
required is very small. In connection with this machine a 
.special measuring valve or drum is preferably used. 
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i Normally the machine remains out of action, but directly a 
[Supply of coal is required for the boiler a clutch is thrown into 



Fia. 10.— The IiiRrey Automatic WeighinR Machine : Travelling Type. 


j^^ear and the actuating shaft of the machine is caused to make 
one complete revolution. The first action is to move the measur- 
ing drum, which discharges its load into the weigh-bucket. In 
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the second action the bucket is lowered gently on to the weigh- 
ing centres, and the weight of the load is transmitted to the 
recorder, wliicli indicates the weight, and adds this to the total. 
The third action restores the bucket to its normal rigid condi- 
tion, and, opening the door, delivers the weighed coal to a shute 
and thence to the boiler. The door automatically closes, and 
the machine throws itself out of gear and awaits a further 
demand. 

This machine may be started into operation by the pulling 
of a cord or chain, but by an ingenious contrivance even this 
may be dispensed with, and the boiler is practically caused to 
help itself when it requires a supply of coal. Where two stoker- 
hopj)ers are attached to each boiler, the shutes from the ma- 
chines are bifurcated, as shown in the illustration. 

The advantages of a machine of this description are mani- 
fest, as by its use the exact quantity of coal consumed by the 
boiler is at any time easily ascertainable, and where a range of 
boilers is employed, useful comparisons can be made, and th(' 
blame for over-consumption rightly apportioned. 

In some cases where a large range of boilers is in use, the 
machines are made cajiable of travelling upon overhead rails, so 
that one machine may be made to seiwe several boilers. Fig. 
10 shows such an arrangement whic-h is installed at an im- 
portant pow(’r station. These machines do good work, but are 
much more expensive than the fixed type, and necessitate not 
only travelling gearing, but also the erection of a suspended gan- 
try, whilst the advantage of knowing the actual consumption of 
coal of each particular boiler is not secured. It is obvious 
that the benefits attainable by adopting the one-boiler-one- 
machiiie principle are not here served. When this travelling 
form of machine is adopted, the automatic system of starting, 
i.e., making the mechanical stoker determine when it requires 
coal, cannot be applied. The starting in the case of the travel- 
ling machine must be performed by hand. 



CHAPTEE V. 

SULPITUJUO ACID PLANT. 

In the arranfi[(imeni of sulphuric acid plant it has heconi(‘ cus- 
tomary ui recent years to arrange; th(5 chainhers in sets of thnui. 
In tlie oldcii- works, chambers of largely varyinf? diimmsions 
may Ix^ found, wlie-reas in modern works a chamber of moderate 
cross-sectioii and lenj^th has Im'couh! more usual. Chambers of 
20 feet width, 18 feet in heij^ht, and from 100 h'ot to 120 feet 
m length, are rc'presentative of this class ^I’he width men- 
tioiu'd permits of easier construction than a chamber of great(;r 
width. As will be seen from the description and drawing (Plate 
in.) the timbers torming the roof sujiports for the k^adwork 
of the chamber <;an be mori' readily obtained m lengths suit- 
able for this width than where wider chambers ari' used. 

It has been the practice to i;rcct tlu'. chamlx'r platform at 
such a height, as will enable the burners to be placed under- 
neath, or, whore the space underiioath tlu* chambers is not fully 
occupic'd by the burners or jiyritcs store*, the* height is still 
sufficient to admit of being iitilizt'd for many other purposes, 
and if of any advantage, a line of rails could he taken under, 
forming a covered shed for unloading goods. 

liticent practice in the erection of chamhers has brought 
iron and steel more into use as regards the columns and girders 
supporting the chamber platform. It is only m the older works 
that brick or stone ])iers are to lie met wnth for sup])oi'ting 
the chambers, the smaller space taken u]) l>y an iron column 
being naturally a great advantage. Opinions differ greatly 
as to the type of column to he used, some manufacturers 
preferring a circular column of cast-iron, or cast-iron of special 
section, or a steel column of I section, with suitable cap and 
base-plate riveted on, with angle-iron and gusset plates. 

Assuming, then, that we are considering a plant consisting 
(70) 
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of thrco cliaiiibors, racli of wfiich luoasurcK 1‘2() feet by 20 feet, 
by IH f(‘et hif^h, and allowiiif; for a ffanj^way l)etweeii the cham- 
bers of 5 feet, and a further "anyway outside the outer ehaiiibors 
of 3 feet 6 inches, we have a ])latforin measuring 127 feet by H2 
feet, and if the columns are spaced at 10 feet centres lengthwise' 
of tlie chambers and 25 feet centres in the breadth, this would 
give a very suitable support for the main platform. Our reason 
for suggesting a spacing of columns at 10 feet centres, length- 
wise of tlu' chambers, is, that this arrangement lends its(df very 
well to tlu' (hsposal of the burners, when these are placed under- 
neath the chambers, as lh(! usual width of burner front is 5 feet, 
by arranging the burners so that the. jointing of the burner front 
plates comes opposite tlu' centre of a c.olumn. With this 
arrangement it will be found that m ojierating the burners the 
columns will not be m the way of the workmen in the ojicrations 
of charging the buriu'rs or poki'rmg. 

The strength of the columns reijuiri'd will naturally depend 
on the weight which tlu'y have to carry, and although the 
chamber platlorm and chambers by tlumisi'lvos may not vary 
much in weiglit for a givt*n size of chamber and thickness of 
lead used, the mam weight will depend on the depth of upstand, 
wdiic.b govi'iiis the acid eonh'iits the chambers will hold and 
determines tlu* total load to Ix' sujiported. Whichever column or 
type of column pn'vioiislv mentioned is adopted, a good base 
plate IS essential, to sjiread the weight on the foundation. J'he 
foundations for the eolumns may Ik' in concrete or brickwork, 
as shown m the drawing, but in all foundations wlu're brickwork 
IS used tlu' bricks should be laid on the flat, and never on edge, 
and preferably “ Metalline” bricks. Tf the columns are bolted 
down w(' prefer tlu* bolt-h('ads to be below the leve.l, so that the 
brick paving can be finished up neatly to the columns. 

For a good working floor, in our opinion, nothing is better 
than bri(;ks on edge, laid on concrete. Bricks laid in this way 
do not ri'adily pull uj) with the use of shovels, rakes, or other 
tools use.d in connection with the firing of the kilns. 

The chambers are seldom now roofed in, as the leadwork of 
the top forms the roof, and the central gangways and sides are 
covi’i'ed liy a small pitched rool, which is often covered with felt 
or thin sh('et-lead. A bratticiug is earned down from the slop- 
ing roof of the outside gangways to the chamber platform, with 
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open spaces of al)out half an inch between the boards. Tn 
some cases close boarding is preferred, and sliding windows 
are provided at a suitable height and distances along the outer 
gangways. 

Where the leadwork of the top of the chambers forms the 
roof of these, it is customary to mak(i one side of the chaml)er a 
foot hightir than the other, so as to form a good drainage for the 
rain-water. 

Running the whole length of the top of tlie chambers, and 
spaced at equal distances apart, it is usual to fix a couple of 
gangways, winch are easily formed by two D-mch planks placed 
sid(‘ by sid(3. Thi'so gangways are convenient for ('xamining 
the top of the chambers and operating the lutes or attending to 
the observation glasses on th(i (diamber top. 

As will be sei'n Iroin the drawings, the h'adwork forming the 
top of the (shamber is supported by lead straps from the trans- 
verse joists running across the chambers, and though we prefer 
the l('ad strap to embrace the joists completely and to be burmid 
on to the leadwork of the chamber toj) on (dther side, th(' method 
shown 111 Plate 111. is often met with, on account of the saving 
('ffectcd in the (|uantity of le.ad used. But where this metliod is 
employi'd, in our opinion, the straps are far more liable to be 
torn otf, and the alternative nu'thod, when; the strap entirely 
embraces the joist, is proferahle. In this latter case it will be 
noticed that no nails are necessary, whereas in tlu> former system 
it is usual to secure, the strap with three nails, oiui at the apex 
of the triangle and two at a lower point spread apart. In this 
latte,]’ method, in order to equalize th(‘ support of the lead strap, 
the system is adopte.d of staggering these straps, so that the 
first one will he on one side of the joist and the next one on the 
other side of the joist, and so on alternately. 

Although the lead top of the chamber will sag a little, how- 
ever well supported, where attached to the crowntree, this is not 
sufficient in our opinion to warrant the insertion of lead draining 
pipes, which in some chambers are placed at intervals through 
the top sheet and out at the side sheets. The inclination of the 
roof-top should leave very little water to lodge at this depression. 

The acid connections from chamber to chamber can be made 
either by means of a pipe and plugs, as shown in the sketch 
(Plate III), or by an open channel crossing the gangways. We 
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prefer the former method, as any obstruction in the gangway 
is an objectionable feature. The pipe if of ample size is not 
easily stopped up. If the system that we give later on, in 
cases of chambers of greater depth than we have been referring 
to (which have only an 18 -inch upstand), is adopted, then the 
open trough would be below the chamber platform, and so leave 
the gangway clear, and in that way would not be objectionable. 

The method shown of the pipe and plug arrangement is also 
Buitabki where the acid is run off from the chamber to other 
portions of the plant, to the acid tanks, or for immediate use. 

The other fittings of the chambers will he considered sepa- 
rately as regards their uses and positions. The gas trunk con- 
nection from chamber to chamber is placed at such a lu'ight as 
to leave clear head-room underneath, and can either come out 
at the end of the sides of alternati' chambers, or, if preferable, at 
a central position at the extreme end of the chambers. A 
prefev(',iice obtains amongst some manufaisturcrs for a circular 
gas conni'cjtion, the idea being that with a flue of rectangular 
dimensions condensation is apt to take place and corrosion 
ensu(' at the square corners. We do not think there is much 
in this ai-guiiient, but any disadvantage is readily overcome by 
using a U-shapi'd connection. This form is more easily made, 
and kee])S its shajie lietter than the circular trunk. 

It will b(! noticed that whore the gas trunk enters the 
chamber a greater width is necessary between the uprights of 
the chamber. I'o compensate for this, the uprights on either 
side of the gas trunks should be of stronger construction, and 
■diagonal struts should be taken up to the underside of the 
■crowntree. 

Before the leadwork forming the bottom of the chamber is 
laid, it is very essential that the floor of the chamber platform 
should he left quite smooth and even, especially where the planks 
forming the chamber bottom come together, and no nails or any 
-excrescence such as a hard knot should be left standing up. 
Attention to such details vdll do much to prevent the lead from 
being cut by pressure on any of these causes of abrasion. These 
tire points which the contractor accustomed to this class of work 
should of course watch for himself, hut those who are respon- 
sible for the future welfare of the plant will do well not to lose 
■sight of them. 
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The best positions for the denitratmg and absorbing towers 
an; at oik; {;nd of the chambers. The platform of the 
chambers is reached by a flight of stairs, preferably arranged in 
a double flight, with a landing in the middle, as one long 
flight IS not only awkward to deal with, but is also very tiring 
to those who have to use it. WhiTever possibk;, tin; m(;ans of 
operating any process should be made as easy as possible for the 
workmen, when' the slight modifications from conv(;ntional 
design do not add mateiially to the expense of construction. 
Whil(' touching on this point, it may he mentioned that all stairs 
should, wh(;n(;ver possible, be carried up at an angle of 45 d(;grees, 
as accidents are far less likely to occur with an easy ascent than 
with a steep one. Moreover, where any acid or other corrosive 
li(]Uid 18 liki;ly to Ik' spilt on stairs, this is mon; readily brought 
into contact with tlie legs or clothing of the ])erson asci'iiding 
stc'ps with a steep inclination. Wide treads should be given, 
wherever possible, in preference to treads of narrow width. By 
observing little details of this natnn; as regards construction, 
lucri'ased comfort of working is si'cured. 

In some works where thri'e chambers form a set, tlu; burners 
occujiy a central }>osition under the middle chamber, for the 
purpose of giving amjile room on either side for tin; storage of 
pyrites and the handling ol the ri'sidues from the burners. 
This arrangement also brings the (Tay-rjussac and (llovi'i- towers 
closi' t()g(;th('r, th(' eeiitr«‘-lme of the (4 lover being a continuation 
ol the centre line ol tin* burners. It is immaterial upon which 
sk1(' of tin; (Hover the (lay-Lnssac is placed, hut this, again, may 
be. a e.ontin nation of the ciintre line of either of the outside 
chambers. With this arrangement, the exit gas flui; from the 
last of the chamber set will have; to take a diagonal course to 
the (4ay-Lussac, and if the seh'cted arrangemiint is to place tlu; 
burners centrally underneath one of the; outer chambers, thi; 
(tIovi;]' being also on the same c(;iitre line, then the (Jay-ljiissac 
would thus h(' thrown to a position on the, centre hue ot the other 
outside chamber. There is not much to favour one or other of 
these arrangements as lar as preference is concerned, but they are 
important jioiiits to be consul(;red, as the disposition of other 
parts of the plant naturally depend on the position that these 
towers may occupy. Berhaps in the former case, wlioie the 
towers are brought close tog(;ther, the arrangement of the stairs 
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to the chai}rib.ers and the tower lend themscdves more eonveniently 
to the general operotiona connected with attending to this part 
of the plant. 

Tup: Glovicti To'wi?A\. 

construction of the Glover tower (Plate V’/ibas generally 
takemjhe form of dividing the weight of the towt'r projTNT and 
th(5 so as to he independent of each other exce]>t with re- • 

spect to tTu. foundations, which are common to both. The tower 
itself IS general^ built up of a brick jicdestal of a(dd-])roof 
bricks, finislKul otf ne^iy with ceiiumt, on which a k^ad apron 
is placed and beaten donpo to a f(‘w inches in depth over the top 
of the brickwork. again, the k'ad dish forming the 

upstand for the tower bottom jg placed, and the brickwork form- 
ing the sides of the tower is hiliv up from th,s point. 

The height of thi; brick pedestal l)y the acid tanks 

and cooling arrangenumt to which it to flow by gravity. 
The height of the lead ]K)rtion of the iQwer is usually aliout 
‘25 fei'l, and the tower m cross-sirtion vaTie.h ^ foet to 12 
fei't square. 

The house in which arc placed the aiad tanks which Iced 
the towi'i- IS supported on four tnnher l(‘gs, which have thiar 
base oil stone, and rest on the mam foundation of the tower. 
Tlie house' IS generally made in two storeys, tiu' up|)('r of which 
contains tlii' acid tanks, and the lower floor tlu' distributing 
arraiigi'inent for sujiplymg the acid feed. 'I'he uprights or 
corner jiosts rciimre to ho of strong tnnher, and are usually 
of pitclipinc, and of lO-mch to ]‘2-mch square in cross-section. 
The construction is clearly shown m the, drawing, and it will ho 
noticed tliat besides supporting the house, the posts also take 
cross-siqiports at fre()n('ni intervals in tlie height of the lower,, 
from which load straps ari' secured and burned on to the lead 
sheets io.uiiiig the tower sides. The lead for the sides of the 
tower requires to he much stronger than that for either the 
chambi’rs or the Gay-JiUssac. In some plants the sides of the 
Glover towers have been made with thicker sheets towards the 
bottom part and thinner sheets in the upper portion, hut as this 
complicates the lead-burning, without m our opinion adding 
much to the life* of the plant, we think it better to use a lead of 
uniform thickness for the whole depth of the tower side sheets. 
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and one of 10 or l‘21b. will be found to last well, thfupstand or 
dish being of much thicker lead, generally OftU: 

Many plans have been devised distributing the acid at 
the top of the tower, but jiltbough that which we are about to 
describe is one of tjfe oldest forms, we think that it is still 
■of the best In this arrangement, a lead dish is formed 
piiv^ some 6 or 7 inches lower than the main floor o*.« 
first storey of the house, and in this dish are a number of 
«or cups, with short })ipos arranged so as to give a «^od general 
distriliution over the area of the interior of, tower. On 
■opposit<i sides to each otlier is a lead cifjtern, divided up into a 
scuies of compartments, from which outflows formed of an open 
lead trough are led with a diminishinc Jij,^ to the lutes on the 
tower dish for supplying the aidd to this latter. These acid 
distributors, or lead pianos, ss they are sometimes termed, arc 
fed from the overhead ^cid supply cisterns placed in the upper 
stort'y of the towi'r. Ttie tower itself is built up of acid-proof 
l)ri(;ks, the lower jiortiih nf the walls being 14 incbi'S tliick, and 
reduced to 9 jd^-Acs jti the upper portion. The lower part, 
wmen IS .squired to support tlie packing, is arched over at a 
suitable height from the bottom of the upstand, and leaving 
ample room above where the burner ])ipe brings m the gases 
fiom the burners previous to these finding their w'ay up through 
•the packing of the tower. 

Ihe lIiKtkley arch-block is extensively used as a rciady moans 
■of supjiorting the packing and lessening the labour which would 
be entailed in building arches of brick. These blocks can now 
be obtained in several sizes suitable for making arches of 8 feet, 
4 feet, and Ti feet span, forming a complete half-circle. 

Whatever form of packing is used in the tower, it is the 
general practice to commenci; with a chequered course or two 
of “Metalline” bricks, and in some cases the “Metalline” 
brick packing is continued up the whole height of the tower. 
Various forms of special packings are now employed in pre- 
ference to the older method of using hard coke. 

The method of packing the towers used in the vitriol plant 
has changed considerably during recent years. In the old type 
of tower, acid-proof bricks were chiefly used, with the liquor 
trickling down the brick-packing, which was arranged in pigeon- 
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ilropi the Gay-Lussac, together with the weak and nitrous 
hole fashioni'l fed to the Glover tower for denitration, as 
substitute, for the 

hollow balls, when solia sections of the plant briefly men- 
insides as well as the outsides as coiiu,. . \ modern plants 

By the use ot such materifti, the output oi • ^ 
heen very largely increased, and the necessary heigh. 

« tor any Jven chamber capacity is correspondingly re- 
™r«d whilst the cost ot the new form ot packing coinpares 

Thd-'Ourably with that of the old-fashioned brickwock. 

The i?um y py„tes 

■ t ^1 t »llv enter by a cast-iron puie, which is steiiiined 

into a load sockciHitty J chamhev. 

The burner pipe requ^ 

the heavy wear ^ ive nature of the burner gases, 

and it IS protected by at Ut . tVn> rnne 

/ -i’ll lack lining ; cousequcsntly tno pipe 

needs to be ot coiisulerable s% ,, ... ■ 

.. 0*K to allow of this. 

We have drawn attontioi experience.! 

Ill finding a suitable liji for upstaud of 

the Glover tower to the cooling apparatus. A lip^ . ' 

recently been much recommended is that made of fused silica 
by the Thermal Syndicate, Ltd., of Wailsend-on-Tyne. A de- 
scription of this will be found in the chapter on general plant. 

The exit gases from the top of the Glover tower are taken 
by a lead trunk, similar to that shown in the drawing, to the 
first chamber of the scries. 

The acid supply to the chamber cisterns is either forced up by 
means of acid eggs, as in the older works, or by one or other of 
the various types of elevator, such as that of Kestner, which, 
when properly used, is one of the best means for elevating 
acids, and of which a description will be found in the general 
plant section. 

The tramework of the tower house, except as regards the 
floors, may be of a light nature. Sliding windows for ventila- 
tion and light should be placed on each side, and the root can 
be covered with felt or thin lead, the latter for preference. An 
overflow from the acid cisterns should be taken down, either to 
the chambers or to the acid cisterns on the working floor. In 
dealing with the chambers, we have already referred to the 
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tive to research which has been provided by the working out of 
the now method, however, has benefited to a remarkable extent 
those manufacturers who depend for their supplies on the cham- 
ber ])lant, and to these a summary of recent practice will be of 
interest. 

Tt may ])e observed at the outset that there is nothing which 
is distinctively new in the; various modifications which are now 
being generally adopted in chambe.r vitriol plant. These modi- 
fications are more m th(‘ methods of working than in design, 
and, ajiart from the introduction of plate towers, involve only 
the addition to existing chamber ])]ant of comparatively iiuix- 
pensivc' accessoric's. Tlu' princijial alterations were long ago 
indicated by siic-h authorities as Lungt', and the progress which 
has h('en made is simply the result of careful expe-riim'.nt on 
lines wliich wert' already laid down by (ixperts m the k'chnology 
of tiu' process. 

In the iollowing summary of developments in design and 
working, it may b(‘ observed tliat although a good many of tlui 
modifications have been much discaissi'd, thi’n* is still the usual 
tmidencN on the part of the general body of vitriol maniilac- 
turers to kiiep to old metliodsand old ty])es of plant. CUiemical 
manufacturei's m the mam have always been noted for their 
reluctance to deviate from old and tried methods and apparatus, 
and much thal has recently beiui written as to radical develo])- 
meiits or modifications in vitriol plant does not apply to the 
aviirage works where the chamber jilant, in its unchanged form 
as ei-ected ten, fifteen or twenty years ago, is still succ-essfully 
operated. 

^J\akmg the various sections of the plant in their order of 
working, it may be noted that the hand-fed kiln continues to 
hold its place. Mechanical furnaces have not been so geiuirally 
ado])ted as was anticipated, and it is acknowledged that their 
use does not com])are very favourably with th(' old ty])(' of kiln, 
exc(!pt in cases whc're wages are below a certain hwel. The 
pyrites used in mechanutal burners must be small, necessitating 
finen- crushing and producing much dust, to catch which, dust 
chambers may be required. 

Tht^ old method of introducing the nitric acid into the 
chamber system, by generating it from nitrate of soda and 
vitriol in the nitre ovens of the pyrites kilns, is now falling intO' 
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disuse ill many works. It is to be noticed that the modifica- 
tions ixi workinj^ the chamber vitriol plant which are hein^jf 
most Kt^nerally adopted are those which do not call for struc- 
tural alterations in ('xistiiif^ plant. Vitriol plant does not lend 
itself to e.xtensive alterations after e.rection. The units of the 
})]ant are mostly built-up units, they are not easily altered, and 
consequently any modification, to be readily adopted, inust be of 
such a natuH' as to be feasible without callm^^ for extensive 
structural alteration. 

Such a chan^fe can be olh'cted in the method of introducing^ 
the reipiisite nitric acid. The veneration of this in the old nitre 
pots does not lend itsi'lf to accurate control. 'Phe pottinv is an 
operation whicli is somewliat clumsy and wasteful, and cou- 
soqiK'iitly a siiiqiler imdliod has found favour with many vitriol 
makers. Jly feedinj; liipiid nitric acid down tlie (Triover tower 
the ])ro])ortion of acid can lie carefully eontrolled, jiottiiif^f is done 
awav with, and ('conoiiiy ol nitric acid is effected. 

Miuli lias 1 >('('11 heard dunn v reeent years of radical alti'ra- 
tioiis 111 the (lesivii of vitriol cliamhers, hut hiu'e. a^niin, the 
tendency in this eoniitry is certainly not in the direction of 
discarding' llu' old design. The dithculties in the way of struc- 
tural alti'raiions to e.vistin;^ chambiTs are obvious. In flermany 
chambers have been erected wliicli are t.ower-hk(‘ in constriu*- 
tjou. 'Phe ohioii V form has been ahandoiiod, and instead of cliam- 
Ik'I's 120 feet lonv by about 20 feet in lici^dit, we find shorter 
and loftii'r structures. The cause for this modification is found 
ill tlie thi’ory that condensation is greatest where the burner 
gases have a longer vertical fall from entrance to outlet. Hence 
the tendency towards lofty chambers. But obviously this prin- 
ci])le cannot In' ajiplied to ('xisting cliamhers of the old typi'. 
That it is a sound theory seems to he borne out by the results 
of working in the “tower” chamber, fn these latter the ten- 
dency is to oiake liie height gri'ater than the length or width. 
(Tuttmann (“Journal of the Society of Chemical Industry,” 
iy08, p. <)()7) mentions a rectangular chamber, which, as 
originally built with a height of 20 feet, worked at 14 cubic feet 
per ton of sulplinr burned per twenty-four hours, has been re- 
built with a height of 40 feet, and now works at 11 cubic feet 
per ton of sulpliur. The gases led in at the top of the chamber 
travel slowly downwards, forming eddy currents; when the 
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height of the cliamber is greatly increased, the length of the 
path of the gaseous currents is increased proportionately, and a 
greater period is allowed before the exit is reached. 

Another modification which does not call for structural 
alterations is the use of fan.s for controlling the draught in the 
sytem. In the old method of working, where the suction of the 
chimney was relied upon, the result was at times far from 
satisfactory. It has been found that by the. use of specially con- 
structed fans the draught can be kept under <!xa(;t control and 
the output of the plant materially increased. 

The same remarks as to th(i reluc.tance of manufacturers to 
adopt modifications w'hich ar(^ of the mitun* of additions re- 
quiring structural alterations, aiiplies to the introduction of the 
necessary moisture into the chambers. It was formerly the 
invariable rule to supply tlu5 requisite moisture by means of 
steam jets. This raised the temperature of the vitriol cliamhiu’s, 
and as the result of experiimuit it has boon found that if watiu- 
is introdue.od in the form of a fine spray, the reaction tempera- 
ture’ IS kc))t clown and tlu' outjmt of the; chamber is gi-('ater. 
The substitution of water sprays iii jilace of steain calls for 
a greah’r height of the cliainh(Ts to ensure complete vaporization 
of the. water before it reaclu's the bottom of the chamber. 
'j\) secure this additional height, cones or cylinders have' been 
added to the roof of ('xistmg cliamhi'rs, tlu’ water spray being 
placed in the upper part of the cone. 

Another modification is the introduction of jilate towers 
between tlu’ chambers. This considerably mcr(>ases the reaction 
surface, and much acid is condimsed in the. towers. 

Gflovcr towers composed of volvic lava blocks have been 
used on the Contmeiit, but there is little likelihood that such a 
system will b(’ extensively adojited m this country, as the cost 
of the blocks is too heavy to jiermit of their displacing the older 
forms of tower construction. Tlie advantages whic.h are claimed 
for these towers are that they can now he made to stand by 
themselves ; that even if a thin outer shell of lead is used, the 
amount of lead required is less than in the old-form Glover ; and 
that no timber structure is required, as lecid-tanks can be dis- 
pensed with by the use of automatic elevating and feeding 
apparatus. 

With regard to the Gay-Lussac tower, the use of automatic 
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acid elevators has simplified the feedin^j of this. It is now not 
an uncommon method to provide a central Griover tower to take 
the nitrous gases from several Gay-Lussacs in the case of very 
large plants. 

Circular chamb(?rs have been introduced, provided with in- 
terior vertical partitions in the form of spirals, so that the gases 
are compelled to pass through th(‘ chamber in spiral fashion. 
The partitions arc^ made of porcelain, and may be perforated, 
'rhe advantage claimed for these Meyer chambers is that a 
longer period of traverse is secured for tlu! gases, and that 
greater condensing capacity is thus obtained. Meyer’s tan- 
gential chambcns are provided with two or more tangential 
inlet tubes at suitable distances apart and at different levels. 

J3y the use of these various modifications it has been shown 
in practice! that the yield of acid per cubic foot of chamber space 
can be very materially increased. The increased output neces- 
sitates much greater care in working, and it follows that the 
labour charges will bis higher. The question of the “ life ” of 
the “ towisr ” chambers now being used in Germany has been 
discussiid. The old-fashioned chamber, wlien not worked too 
hard, bad a life which in some cases was as long as fifty years, 
whereas “ tower ” chambers workiid on what may be termed the 
intensive system would probably not last for more than twenty 
years. 

The outstanding result aehievi'd by the introduction of these 
various modifications in the working of the old chamber process 
is that it is easily ])ussible to increase the output of the plant by 
such means as water sprays, feeding of liquid nitric acid, the 
use of fans, etc,, and this fact has done much to delay the in- 
troduction of the (umtaet system into this comiirv. 



(^HAPTEK VI. 

HYTHUHJIILORTC ACID PLANT. 

Tn dcaliiif^ wit,h hydrodiloric acid j)laiit, tlio first portion of the 
jilaiit to ])(? considered is that connected with the di^coniposition 
of 1 he. salt in tlie roaster, or salt-cake furnace. The form of 
funiaec' that is now most j^eiKirally used is that of the pliis- 
pressnri' type. The advanta<4(' of this over the usual mufille 
furnace is that by piacin^^ the lireplaci' at a eoiisiderahly lower 
lev(d than the body of the furnace the ^^ases comin^^ away from 
the furnace have a tendency lo leak into tlu' inulfU', instead of 
the yases from the muHh' leakm<j; into the flues. Tins will he 
more apparent on follow in.” the di'scription of the furnace showm 
in Plate VL The depth of the lireplacc' w ill )h' sivn to he some 
7 ft Ih'Iow the workin”-floor level ol the salt cake slu'd, and as 
the lirino is doiu* trcMii tlu* floor level, it is only neci'ssary that 
the ash-pit which is sunk to the tt'vt'l nieiiiioiu'd lu'low the lloor 
liiu' should he of sutlbieiit size to ^ive reads ac.cess to tlu' ashes 
oj' for llu' reiu'wal of tlie fire-bars, as the casi' may he A ver- 
tical caiSl-iron ladder should In* huilt into the w'all for tlu' pur- 
jiose of ^■('ttiii” down into tins ash-pit. 

It wall he noticed that the lin'pla-cc'S are Imilt si'parah'ly, 
and for the sake of str(m<^4li the lour sidi's ol eaeli lir(‘])lace are 
f(»rin('d in the shape of an arch ni jdan, leavm<,^ a vertical airshaft 
between the two fii’eplaees to the full height of the furnace shaft. 
The fire-hars are at a convi'iiieut height above the ash-pit floor, 
and underiu'ath the fire-bars air-hoh'S jiass through the side w’alls 
into tlu' ^'ert^ca) air-shaft la-tween tin' two funiaec'S. I’he east- 
iron ash-jian is sup])hed with water during tlu' workin^^ of the 
furnace. 

The ^^ases, on leaviiifj; the furnace shaft, pass over the top 
of the mulile to the rear end of the fui'iiaee, and there drop 
down to a senes of Hues runnin'^ underneath tlu' muille to the 
(HO) 
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furnace end again, where they join in a flue which has a branch 
passing underneath the decomposing pan, or continuing direct 
on its way to the main flue leading to the chimney. If the heat 
is required underneath the decomposing pan the damper in the 
hy-pass leading to the main flue is closed, and the one leading 
to the decomposing pan is open, or vice- versa. It will be observed 
that the pan is placed on one side of the furnace opposite to the 
side on which the charges are withdrawn from the muffle. A 
cast-iron pan of the ty])e shown in the illustration is that in 
most g(!neral use, and the flange round the side is useful for 
taking up the thrust of the arched cover which is built over the 
top of th(i pot. The thickness of the pan bottom, it will be ob- 
serv(!(l, is much greater than at tlu; sid(;s where it joins tlu' 
flange, as this is the portion which has the most wear and tear, 
and is generally about 2.1 inches thick. 

The setting of the j)ot reijuires a good deal of care in the 
arrangenu'iit for protecting it from the direct heat of the fur- 
nace'. A common form of setting, and one which we can re- 
commend, is to turn a pigeon-liolcid arch over the top of the flue 
convt'ying the gasiis from tlu' furnace, and thus baffling the flame 
from striking directly on tiu' liottom of the pot. d’he same 
effi'ut can be obtaiiuid by fire-clay slabs built over tlu' entrance 
for fhe gases, in siicb a maiiiuT that tlu'y strike the to]) covi'ring 
blocks iK'fore, liiidiiig tlieir way to the underneath of the pot. 
Tlie flue from the ])ot joins up to the main line to the chimney, 
and is regulated by another damjx'r. In some cases, further 
advantage is taki'ii of the heat before tlu' gasi's pass away into 
tli(' main line, by allowing them, after leaving the pot, to ])ass 
under a supplenK’iii-ary beater for the acid h'l'dmg the pot, in 
which case tins heater occupies a position immediately bi'hind 
the salt-cake pot, and with an arrangement so that the gases can 
either jiass under it, or, by closing a damper, they may pass 
away to ti.e mam Hue. In a furnace of the dimensions given in 
the drawing thret' doors for withdrawing the charges from the 
mui'lle are providi'd. 1’lie type of door which is most handy for 
this class of furnace is a balanced door which can be raised or 
lowered readily, the ch !ii supporting the door passing over 
pulleys, with suitable counter- weights. Tlie dead-plate forming 
the bottom of the door should bi; placed level with the floor of 
tlie mulfle, and just within the door space an opening is formed 
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for the purpose of allowing the charges, when being withdrawn 
from the muflle, to drop down into the hopper which is placed 
under (‘.ach doorway. These hoppers are usually made of wrought 
iron, and ar(^ partly built into recesses in the side wall of the 
furnace, and made with a slope, so that the doors of the hoppers, 
which are closed during the drawing of a charge from the fur- 
nace, will luort! readily fall to tlieir frame than if placed in an 
upright position, the object of the hopper boxes being to protect 
the workmen from the fumes that are given off from the roasted 
salt-cake, fn th(^ older form of roaster the charg(i was raked 
out on to the ffoor, hut in this form the cake drops into the 
hop]»(irs, and th(‘. gas rises up through the aperture into the 
muffle. 

The gases coming away from the muffle are in many cases 
conveyed by a separate pipe from the muffle and connected to 
condensing cisterns, as these gases an^ weaker than those coming 
away from the salt-cake pot. The flue, taking the gas(;s from 
the pot IS taken from a point directly over the centre of the pot, 
and by means of ])ipeR the gases are conveyed to another stone 
condensing cistern. These* stone cisterns are used as a pre 
limiiiary to the gases entering the towers where the main con- 
di'iisation takes jilace. The numbiu* of the condensing cisterns 
varies in many works, and in some cas('s where the towcirs an* 
of very large area cisterns are dispensed with, but Tjunge and 
other good authorities arc in favour of their use. 

The ])ipes used for conveying the hydrochloric acid gasi^s an* 
generally of earthimware, ungla/ed, thoroughly wi'll boiled in 
coal tar, as, next to glass, these an* found to ri'sist the action ol 
the condensed acid as well as any material, glass being lar too 
e.Xjiensive to use for this purpose, as well as Ixung so liable to 
frac.ture. 

The pipe-lino connecting the sait-cak^^ furnace with the 
cisterns should have a fall towards the cisterns, and the jointing 
inati'nal should not only surround the spigot end, but should 
also form a joint between the (Uid of the pipe and the socket. 
In tins way a firmer joint is made than where the spigot end of 
tile pipe comes m direct contact with the socket of its neigh- 
houring pipe, but the jointing material should be well cleared 
off’ from the inside of the pipe as each length is placed together. 
A timber runway is the handiest arrangement for supporting 
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the pipe connections, wit!) cross-supports at intervals under- 
neath each pipe. 

The hydrochloric acid tow(;rs may next be considered. 
Owing to the nature of the acid dealt with, and also to the great 
weight which a towe^r of this description plac(;s on a small area 
of ground, the towels require very careful building, A stone 
foundation, built up with a jointing material of coal tar and 
sand mixed, forms as good an arrangement as any that has yet 
been tried, and a thick layer of asphaltiim should form the top 
dressing. The height of the base of the tower, or pedestal, 
depends greatly on fiirtlu!!* processes connected with the use of 
the acid, as, for instance, where the Weldon process is in opera- 
tion ill an alkali works a height of 20 feet would not be too 
griiat, but where the acid itself is only required, 10 feet would 
jirobably be sufficient for running into furthisr receptacles, such 
as sui)])]y cisterns. 

^rh(‘ bottom of the tower is generally formed of one large 
stone, from 10 inches to a foot in thickness. Tlie tower is 
rectangular, and formed of carefully selected stones jointed as 
shown in the drawing. The stone slabs are furthiT siqiported 
by a frame of timber and iron bolts, wluch tie the com- 
ponent parts together. The tower top is covered over with 
a stone, in which a series of lutes are formed, and through 
which the condensing water trickles over the packing material 
in the tower. The gases enter at the. bottom of the towi'r, 
through an earthenware ])ipe carefully stemmed into an opening 
cut through one of the side stoiu's, and above this ink't for 
about two feet is a clear space before the [lacking of the tower 
commences. The pai^kmg is supported by stone Idocks spanning 
from side to side of the tower, or where the dimensions of the 
tower would throw too great a weight of packing on such sup- 
ports, intermediate vertical supjiorts are introduced, and spaces 
are left h. tween these supports for the gases to escape up the 
tower and find their way through the packing to a clear space 
at the top of the tower. 

Hard coke, as in the (lay-Lussac, has been generally used as 
a packing material for hydrochloric acid towers, hut many of the 
other forms of packing material now on the market may safely 
be recommended. It will be remembered by many engaged in 
the alkali trade, that -a serious accident occurred atone of tlu' 
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Tyne works some years a^^o, when the packing of coke in a tower 
bf'caine dry and set on fire, resulting in the collapsing of the 
tower, fetching down with it one or two adjoining towers and 
entailing serious loss of life. 

The tower woodwork is continued above the stonework top, 
so as to form a support for the water tank for flushing the tower. 
The tower top is reached by a series of stairs, with platforms at 
suital)le distances. The exit for the gases is taken out from 
one of the side stones a little below the luted stone cover, with 
a sampling arrangement lu^ar the ground, for testing the gases 
before tliey enter the flue to the chimney. 

A simple arrangement for flushing tlui tower, and one that 
is still much in use, is that of the tumbling trough. This is 
composed of a long trough, the full length of the towoj’ top, 
])lace(l in a central position, and divided in the centri' longitu- 
dinally, forming a V-shapi'd trough on either sid(' of this central 
division. The I'lids are pivoted, and the action is that the water, 
rnnning on to one side of the central division, fills that side 
with water until it overcomes the equilibrium of the empty side, 
will'll the trough fa.lls over and discharges its contents over the 
to]i of the tower. The otlu'r division is now filled u)) until such 
time as its weight reverses the action, the water supply lieing 
ri'gulaled by the tap feeding the trough. 

'Jhie water cistern at the lop of the tower is similar in con- 
stniefion to those desiu'ibed in otlier sections. 

b’lg '21 shows a small plant by Mc'ssrs Doiilton A (lo , Ltd., 
of Tjambi'th, for the condi'iisation of the hydrochloric acid driven 
oil in the salt-cake furnaces. The gas from the ])an and inufile 
arc' takc'n tliroiigh separate firc'-clay pqic'-hnes to sniiill tai-boih'd 
stone columns, in which considerable cooling is e.ffectc'd, the 
temperature' of tlu* gases on leaving the furnaces being much 
too high to jiermit of thc'ir being takc'n directly into the stone- 
ware vc'ssel 

1’he gases jiass Ihrough the receiver, batteries, and standpipes, 
to absorption towaws of large* capacity, which are ultimately 
connectc'd to tlie chimney fluc's. 

The tow'crs are fed with water, wdiich flows from the bottom 
of the tow^er to the receiver batteries, flowing from vessel to 
vessel through sliort glass tubes connecting the inlets made in 
the recei\er for that purpose. These inlets being placed about 
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the middle of each, the receivers hold a lar^^e quantity of acid, 
exposing a considerable surface for absorption, and the acid and 



j^ast's tnivelling in ()])i)osite diivctioiis, tlu' acid gradually increase's 
in strcngtli in its ])rogri'ss Ihroiigli I be batteries. 







CHAPTim Vll. 

NITRIC A(!|D PLANT. 

In tlio iiiiric acid plant tlie chief fcjature is, of course, the stills. 
Ill many cases a house is devoted entirely to these, and this 
is especially the case in works desif^ned for the manufacture of 
explosives. 

A plant on the Valentiner system is illustrated in Plate 
VII. The stills, as will be seen, form a battery of six. In this 
case the still itself consists of two parts; the cast-iron body, 
or receptacle, being made in one part and the cover foj ining a 
separate ])ortion. 

Provision is made on the floor level for running out the 
iiitrc!-cake at th(i end of each operation, and tlie arrangement 
gciu'ually consists of a cast-iron trough running the whole length 
of the battery of stills, but at some distance from the still itself, 
as ill this case it is customary to have an independent shuti;, 
which is operated hy an overhead attachment, so that tlie shute 
can be ])laced underneath the spout of any one of the stills for 
discharging into the nitre-cake trough. 

Many nitric-acid makers have experienced difliculty m break- 
ing up the nitre-cake after it has set m the troughs, and to render 
this operation easier the troughs are sometimes made with a 
raised-up portion or rib, which partly divides the nitre-cake into 
separate cakes (slabs), which are mon' easy to manipulate. 

We have seen arrangements of this plant, whore the run-off 
troughs have been arranged outside the still-house, and this 
practice has undoubtedly certain advantages, but in any case 
a store is necessary for the nitre-cake, as it is not usual to work 
up this by-product on the spot. In the majority of works th(‘ 
practice is to store the nitre-cake and sell it to other manu- 
facturers who are laid^out to deal with it. 

(<J2) 
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A quantity of acid drains away from the nitre-cake in the 
store, and it is, therefore, necessary that the store should be con- 
structed of acid-resisting material to such a height as storage 
takes place. The floor should be laid with a fall towards a 
gutter leading to a mother-liquor well, from which the acid can 
be pumped up again for further use. 

The still proper generally lasts much longer than the still- 
head or cover, in many cases three of these latter being re^quired 
before the still itself has to be broken up. In some imsthods of 
setting the still, the wear and tear on the covers has been lessened 
by allowing the setting to be continued over the top of the cover, 
thus causing the heat to circulah' round the cover as well as the 
still. 

The gases coming from the still-head are passed through a 
worm which is immors(id in a wooden tank with inlet for cold 
wat('r, and provided with overflow. 

'J'he worm that we hav(! found to last best under the trying 
conditions which the condensing of nitric acid involve is that 
made by Drs. Plath and I'lepmeyer. The outlet from tlie coil 
is (5onnected with a series of Woulfl‘’s bottles, from wdiich the 
finished acid is drawni. 

The store for nitrah' should be situated in close proximity 
to the nitric-acid stills, but it should be so separate 1 as to ])reveut 
any risk of fire, as it is well-known that nitrate is very inflam- 
mable, so mucli so that in military explosives works great atten- 
tion IS given to the construction of the ventilating arrangements 
to such a house as to render it almost impossible for any spark to 
reach th(' store. In our own experience we have found it quite 
sufficient to keeji the house separated from any building m which 
direct firing is used, and to so arrange* it that a supplementary 
supply of nitrate from tlie store can lie kept on a level with the 
top of the stills, so that it can be readily fed into them. 

The icid s< ore-tank for supplying the stills is best situated 
on a slightly higher level on this floor, so that the supply pipe 
leading from it to the stills has a sufficient fall to allow the acid 
to run readily into them. This tank should be of such dimensions 
and with such an arrangement for measuring the depth of acid, 
that the supply to the stills can bo easily controlled. A very 
ordinary and simple method of measurement is by suspending 
strips of lead into tlie cistern, marks on the lead showing the 
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(lopths corrospondiiifj to certain qnantitit's of acid contained in 
the tank. 

In connection with the Valcintiner process the arrangement 
for tlu; pumps to maintain the vacuum requires special attention, 
'riiese j>umps should always be arranged in duplicate, so that 
should OIK' brc'ak down no sto]>page of the plant occurs, and in 
jjlanning the arrangement of ])]))es this requires a good deal of 
attention. This system of pijies is freijuently connected with a 
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battery of condensing pijies, of which Giittmaim’s is oik' of the 
best forms. Tlie pipes comjirising the batteries are of special 
glazed earthenware, and are placed in tanks constructed of 
timber with connections for circulating tlie cooling water. 

We cannot emphasize too strongly the necessity for using 
the very best rubber in the valves of pumps used in count ction 
with this plant, as in actual ('xjierience we have had consideralile 
trouble where mftirior rubber has been used. 
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The pumps should bt; of amplo capacity, and where electricity 
is the motive power they can be belt-driven or coupled direct to- 
the motor. 



Tn planning the nitrate house, care should be taken that it 
shall occupy a very dry ])ositiou, as nitrate very readily absorbs 
moisture. The nitrate is generally delivered in bags, and where 
use is not made of the bags, these are stored, and washed in 
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warm water, the washings being evaporated and the nitrate 
■crystallized out. As the pressure of the nitrate against the walls 
■of the house is very considerable, this must be taken into account 
when proportioning the thickness of the walls, the same remark 
applying to the walls of the nitre-cake store. 

In connection with th(; mother-liquor well, an acid egg is 
probably the handi(‘st means of raising the acid to supply tanks 
for further use. 

Fig. ‘iH shows a small nitric acid plant by Messrs. Doulton 
•& Co., of Lambeth. The illustration rc[)resents an ordinary 
plant for two small cylinder stills. The number of receivers is 
adjusted to tlie daily out])ut of the still, the use of the condensing 
worms b(!ing ojitional. A wash-tower, suitably packed with 
coke, or with stoneware balls or rings, may be coiinectt'd to 
si'veral batteru's, to effect the final condensation of the gases. 

The apparatus shown in Fig. 29 represents a plant by Mi'ssrs. 
Doulton Co., for an output of about 1 ton of nitric, acid 
tper day. The plant iiududes several mipi’ovoinents in detail, 
the capacity of the receivers Ixiing supplemented by long stand- 
pipes to a common collecting jar, m which the acid of all thi^ 
receivers and the worm is mixed, and the receivers being kejit 
■em])ty, their full condensing power is utilised. An end towi'r, 
packc'd with coke or hollow stoneware pieces, is providi'd to 
wash the exit gases. 



CHAPTER VIII. 

NOTK*S ON HIOH EXPLOSIVES PLANT. 

In fcouchinpf on high explosives, reference is made mainly to 
those in which nitro-gIyc(iriue compounds play the most impor- 
tant part. 

The chief featur(!s of a high explosives factory may be 
divided into thn'-e groupings : ( 1) the group comprising the acid 
manufacture ; sulphuric acid, if this is made on the spot instead 
of being purchased, and nitric acid, this latter dealing also with 
the mixed acids and the concentration of the weak sulphuric 
acid ; (,‘2) prcsparing the gun-cotton, and nitrating, washing, pulp- 
ing and drying, bringing the product to the stage of gun-cotton ; 
and (d), the manufacture of nitro-glyceriiK' and incorporating 
with the gun-cotton to form cordite. 

In the manufacturi! of vitriol for list* in the production of 
high exj)losiv('s, an acid practically free from arsenic is required, 
and the acid is usually made from sulphur, requiring a different 
form of burner to that described for the manufacture of sulphuric 
acid from pyrites, but the chambers are ])ractically the same, 
and therefore do not r<*quire further description liert'. 

We have already described tlw; plant for the manufacture of 
nitric acid for gcuieral use, hut with regard to its manufacture 
relative to ('xplosives, the dealing with the waste acids returned 
from the nitro-glycerine department, and also the mixing of the 
acids for the nitrating department, necessitate considerable ad- 
ditions to Llie acid plant. Concentration plant is also necessary 
for bringing up the weak sulphuric acid to the requisite strength 
for re-use. The plant most recentlv adopted for concentration, 
especially in connection with explosives manufacture, is that of 
Kessler, which is now well known. 

The mixing of the acids is all performed by compressed air, 
this being also used for conveying the acids to the nitrating 
department and also to the nitro-glycerine department. 

( 97 ) 
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Gun-Cotton . — Dealing with the gun-cotton department, the 
first process is that of opening the cotton waste and picking it, 
after which it is passed through a " devil or breaking machine. 
On leaving the breaker, it is further hand-picked, to free it from 
all impurities and dirt, and then placed in a drying stove, which 
is usually steam-heated to the required temperature. A weighing 
machine is provided here, for weighing the different charges 
given out to the workmen for nitrating, and the cotton after 
being dried in the stoves is placed in air-tight tins preparatory 
to use, in order to prevent the absorption of moisture from the 
atmosphere. 

The nitrating or “ dipping ” house usually adjoins the cotton- 
drying department, the cotton being passed through apertures 
in the wall dividing the two sections. In the dipping house, 
each workman has an acid tank for dipping the dried cotton, 
immediately it is received from the drying house. A hood ex- 
tends over these tanks and is provided with a fan-shaft, to take 
away the fumes which emanate from tlie tanks during the 
dipping process. Immediately on dipping the cotton, the 
workman squeezes it as free as possible from acid by specially 
made hand squeezers, and places the nitrated cotton in earthen- 
ware vessels provided with lids. On having worked a charge of 
these in the pots ranged at the back of the man, he then 
takes them to the cooling troughs which extend lengthwise 
of the house, and which arc kept filled to a depth almost equal 
to the depth of the earthenware pot with cold wati^r. 

The roof over the dipping house should lie provided with a 
louvre. Great care must be taken that the louvres are sufficiently 
deep to prevent rain being driven in, as in the event of any of the 
pots being uncovered and wat(!r dropping on the contents, these 
would immediately take fire. 

The nitrated cotton, after remaining for the correct length 
of time in the earthenware jars in the cooling pits, is conveyed 
to a centrifugal, where tlie contents are quickly emptied into 
the basket of the machine and covered with a special lid. The 
bulk of the nitric acid still remaining in the cotton is thus ex- 
pelled, the acid running away to an egg, from which it can 
be returned to the nitric acid department, and the cotton is at 
once plunged into tanks of water, these tanks being constructed 
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in like manner to other acid tanks, that is, with timber frame- 
work, and are lead-lined. 

This preliminary washing of the nitrated cotton has to be 
done quickly, otherwise it would take fire. It is not an infre- 
quent occurrence for a ccuitrifugal of the nitrated cotton to ignite, 
and even when this does not happen, considerable fumes are 
given off from the centrifugal during th(i op(!ration of “ whizz- 
ing,” and a cowl, with fan attached for carrying away the fumes, 
is also necessary here. After washing in the lead-lined vats, the 
cotton is again placed in centrifugals, and on leaving those it is 
carried to th(i boiling department. 

Th(' boiling /s performed in large wooden vats, having a false 
bottom, and fitted with perforated steam pipes underneath the 
false bottom. As the vats are usually made from nine to ten 
feet deep, the working floor is generally raised in the form of an 
open woodwork grid, the level of which is placed at from 8 feet 6 
inch(!s to 4 feet from the top of the vats. Here, again, the 
nature of the process requires a well-ventilated house, and the 
louvre type of roof is admirably adapted for this purpose. The 
vats most commonly in use are made of Scotch fir, and generally 
tajKT in the same way as brewers’ vats, so that the diameter at 
the top is about a foot less than at the bottom. The false 
bottom already mentioned is placed about 12 inches from 
the bottom of the vat, and is usually pierced with circular holes, 
and is so arranged that it can be removed to give access to the 
perforated steam pipe placed underneath it. The vats are 
generally made of 2-incli timber, and are circular in shape, 
boiind round with iron band.s at suitable distances in the height. 
In some cases, oak vats are preferred, but the cost of these is 
greater, and as their life is not much longer than those of good 
Scotch fir, they are placed at a disadvantage in comparison with 
the latter, in this respect. 

The next proc«!SS after boiling the nitrated cotton is that of 
pulping. After running the water away from the vats, the 
cotton is passed into the beater house, where a thorough pulp- 
ing takes place. 

From the beaters the pulp runs away by means of troughs 
to the centrifugals, where it is once more dried, and is ready for 
taking to the wet stores, whence it is given out for finishing off 
in the drying stoves. 
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This brief description completes the "iiii-cotton process. In 
the manufacture of cordite, as previously mentioned, nitro- 
glycerine and gun-cotton form the chief ingredients. As regards 
th(i actual manufacture of the nitro-glycerine, this takes place in 
a house which is commonly known in works of this kind as the 
nitro-glycerine hill. In common with most other buildings in 
an explosivcis factory, this house is constructed of tinil)er, and, as 
far as is consistent with strength, is as light as possible, especially 
as regards the roof and sides. The apparatus us(;d varies in 
design, but the chief feature is the mixing vessel, which is usually 
made of lead, with observation glasses on the c.over, while inside 
it is fitt(‘d witli cooling coils through which water cire.ulates, to 
kecip the contents at a given tem))eratur(‘. The mixing of the 
acids and glycerine is done by means of coinpn'ssed air. I’he 
refrigerating plant supplying thi' cold watiT, and also the air 
compressors, are contained in a building at a stipulated distance 
from the nitro-glycerint' hill, according to the regulations apper- 
taining to explosives factories. 


(h-iNTRiFiroAriS Fon (Jun-c’otton. 

The macliiiu‘s shown in Figs. 80 and 81 have Ixh'Ti spcicially 
designed by Messrs, Pott, Cassels & Williamson, of Motherwell, 



Fig. so. — Machine for Drying Gun-cotton. 
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Scotland, for (Iryiiifjf gaii-cotton after being treated with nitric 
acid. The baskets are made of wrought iron witli specially 
rounded covers so as to facilitate the removal of the gun-cotton. 
The outer cases are made of east iron so as to withstand the 
action of the acid, and are strengthened outside witli a steel 
case. The machines are fitted with hinged or lifting covers, 
and with vent pipe's comu'cted witli a steam jiit or fan to carry 
away Iht' acid fumes. 

Fig. d'i IS a special machine designtid for nitrating the gun- 
cotton and drying it in one operation, thus doing away with 
handling the gun-cotton from tlu* nitrating tank to the centrif- 
ugal. 'Phe l),isk<'t IS made solid, thal is. not pcrforati'd. The 
cotlon IS put into (he basket, wliicli is l,hi'n Hik'd up to I, he 



flanged lip with nitric acid. Afti'r lieiiig well soaked, the machine 
is started and the surplus acid is discharged throiigli the o])en- 
ing or slit between the flanged hp and the cover of the basket. 

In the apiiaratns shown in Fig. .'kl, by Doulton iV (k)., Ltd., 
the mixed waste acids from tlie manufacture of gun-eotton, etc., 
are separated, and the nitrite acid condensed. The mixed acids 
are run into the first column, which is packed with cjiiartz or 
other suitable filling, and separation of the sulphuric and nitric 
acids is' etfeeded by the injection of steam. The dilute sulphuric 
acid runs off at the bottom into a cooler, and is siibseijuently re- 
conccntratcd for further use, while the nitric acid vapour is 
condensed in the receiver battery shown. The weak acid can 
be circulated in the towers until strong enough to be of use. 
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Air Compressors. 


Compressed air is daily finding a more extended use in 
chemical works, and in all manufacturing operations of a 



Ei(t, ^4.— The “ Sentinel ” Compound Intercooling Air ComprcHRor. 

chemical nature. Chemical and explosives works in particular 
often extend over considerable areas, about which are placed 




‘ Mul'tiiifl *’ A.ir CorapresHor (Sectional View), by Alley MacLellau, Ltd. . 


econoiiiios. It may bo and is used very advantaj^eously for driving 
isolated engines, pumps, and lioists ; for blowing, elevating, and 
agitating li(|Uors; and for various special purposes. Acids can 
be moved about without dilution, and without coming into con- 
tact with anything but the piping, while; a compressed air supply 
is of course necessary in oxidizing processes. 

Figs. 1^4 and 115 show a “ Sentinel ” compound intercool- 
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ing Bteam-driveii compressor, by Messrs. Alley & MacLellan, 
Limited, of Glasgow, capable of delivering 5000 cubic feet of 
free air per minute ; 1001b. air pressure, 160 lb. steam pressure. 



Fifl. 36.— “ Sentinel” Steam-driven Cjinpound Intercooling Air CompreBSor 
single-lino miiclnne, by Alley A MacLcllan, Ltd. 

This is a very powerful installation ; but smaller units of plant 
are equally efficient. 

Many air compressors are very wasteful of power, but this is 



Fia. 37. SentinH ” Single-Stage Air Compressor, by Alloy & MacLellan, Ltd. 

tee that no more steam sliould he used for the larger output. 
This machine cost the buyers £1200, and saved its entire cost in 
fifteen months. 

Fig. 36 shows the “ Sentinel " steam-driven compound inter- 
cooling air compressor— single-line machine with simple steam 
cylinder. These machines arc made with one, two, and three 
lines of parts, with sim[)le and compound steam cylinders, all 
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havin^T aij- compouzKl cylinders fittcri with iiitorcooJers. The 
illustration sltows the cylinders and their ^ear in section. 

Fiff. .'57 shows a “ Smitinel ” smgle-stafje compressor, for 
workin^^ jin'ssnnis t«) (K) II). per square inch. This machine is ar- 
ranged to discharge' air at the working' pressuri' from both above 
and below the trunk piston head. No intercooler is required. 

7'he “ Sentimd .Tiinior" snif^^k'-sta^^e compressor, shown in 



Ekj. HS.— “ Si’iitiiiel .Tnnioi ’’ An (>)jiipr»‘«wti', by AlJpy A 

M»K*ljcniin, Ltd. 

Fig. .'58, w’ill be found convenient wliere only a small amount 
of compressed air is required, or \vher(> compressed air is not 
constantly used, or for low-pressure work. Under such condi- 
tions the saving in power by using compound mtercooliug would 
not justify tlu' ('xtra expendituri', and in the case of low-power 
this type of compressor is quite as economical. 



(mAPTKK TX. 

sriiPHATE OK AMMONIA PLANT. 

A(;aix the. vitriol diaiubers figure proiiiiiwintl^^ in the manu- 
facture t)f sulphate. The (piestion of erectinj^ their own sul- 
phuric acid plant is on(‘ that has received much attc'iition during 
r(!cent years on the part of large makers of this product, 
such as gas works and cor])orations, as also in cormectioii with 
recovery plant for dealing with the by-products from cok(' ovens. 

In the case of gas works, it has been the custom to deal with 
the gas iKjuor on the spot, tn^ating the gas liquors for the re- 
covery of ammonia as sulphate, and disposing of the tar to the 
tar-distill('r for substMiuent treatmiuit, as the separation of the 
ammoniacal litpior from the tar is readily effected at th(‘ gas 
works. 

In ilie smalb'r gas w'orks dealing with the liquor produced 
from thecarlumization of moderate quantities of coal, the method 
of operation is geiu'rally as follows. 

Th(' liquor is subjected to distillation by means of steam in 
a column still. The ])lant consists of the following parts. 
Starting from the stort* tank, which is often placed underground, 
and of coiKTetc or brick cement-lined construction, the liquor 
is raised to an ovcr-luuid supply tank of cast or wrought iron, 
placed sufficiently high to be well above the stills. Between 
the supply tank and the still it is customary to place a smaller 
regulating cistern, which can Ixi easily adjusted to the capacity 
of the sti.l. 

The Still— Many forms of still are in use, some of which 
are hotter suitcid for dealing with a weak liquor than others, but 
the typo most generally (uuployed in gas works, where the 
strength of the liquor is usually equal to 8 ounce, are more or loss 
of the Coffee pattern, which consists of a cylindrical column of 
cast iron, built up of segments forming trays. The liquor, 
entering at the top of tlie still, finds its way from tray to tray, 
(lOff) 
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until finally it flows out from the bottom segment, free from 
ammonia. 

In some patterns the still combines three portions : an upper 
series of trays ; a central portion ; and a lower series of trays. 
In the cimtral portion, which is usually equal to the combined 
depth of the upper trays, lime in the form of a milk is admitted, 
and in the lowest segment of the lower series steam is admitted, 
the steam finding its way up the still through a scries of openings 
in the trays, these openings being covered with a cap forming 
a lute. The steam bubbles through the liquor, and ultimately 
finds its exit from a pipe in the top part of the still, known as 
the still-head. 

The pipes conveying the liquor from tray to tray stand up* 
above the liquor in the one tray, the lowiir portion of the pipe 
projecting through the tray into the tray immediately underneath 
it, and dipping into the liquor m that tray to form a seal, fn 
this way none of the ammonia gas liberated by the steam can 
escape through these dip-pipes, but is forced to bubble its way 
through the liquor through the serrations in the cap placed over 
the gas inlet of each tray. 

The free ammonia is set at liberty by tlie steam in the upper 
trays, and the liming chamber is introduced to supply the lower 
trays with milk of lime for the jmrpose of liberating the re- 
mainder of the ammonia (which is present in the liquor in the 
fixed condition) as it flows through tlu' series of lower trays. 

In many cases the liquor as it leaves the still with a large 
amount of lime in suspension is run away into settling tanks, 
but sometimes, before doing so, advantage is taken of running 
it through a series of pipes, or a coil placed in a tank in which 
the water for the milk of lime pans can be heated before being 
fed into the liming chamber. Before the crude liquor enters the 
still, it is heated by means of the waste heat coming away from 
another portion of the plant known as the saturator, which 
will be described later. The gases from the saturator are passed 
through an apparatus known as a heater, of which, again, there 
are many forms. In some cases the heater takes a similar form 
to the still, the diflerence being that the gases from the saturator 
enter the lower chamber, from which a series of pipes pass 
through a centre chamber and tenninate in an upper shallow 
chamber. The gases pass up the pipes and away from an exit 
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pipe from the upper part of the chamber, and the liquor from 
the regulating tank flows into the middle chamber surrounding 
the pipes through which the hot gases pass, thus heating the 
liquor before it enters the still. 

The Saturator . — The saturator is a load-lined vessel divided 
into two portions, in one of which the gases from the still enter 
through a continuation pipe from the still-head to tlie bottom of 
th(i saturator, and ending in a branch pipe perforated with a 
number of holes. The other portion of the saturator is open at 
the top (see illustrations, Figs. 89, 40, 41 and 42).- The covered 
part of the saturator has another ])ipe, already referred to as lead- 
ing the hot gases generated in the absorption of the ammonia, 
'to the heater. The saturator mentioned is the cheapest form,, 
where hand- fishing of the sulphate is adopted, but even where 
hand-fishing is still in use, if the initial expense is not a serious- 
consideration, we strongly reconimcnd the solid lead saturator 
which is to be found in more modern works, as the life of this 
is far greater, and there is very little risk of leakage, which is 
more likely to occur with a timber lead-lined vessel. We have 
seen many of these solid lead saturators in use, and the accom- 
panying illustrations show one of these, as made by Messrs. 
Joseph Taylor and Co., of Bolton, who have made a speciality 
of this class of work. 

The lead usi'd in the building of the plate-lead saturators- 
illustrated is manufactured by Messrs. Holman Michell & Co., 
of St. Helens, Lancs., who are well-known by reason of their 
long and successful specializing in the production of “ chemical 
lead ” for this purpose and also for vitriol chamber construction, 
etc. Messrs. Holman Michell ^ Co.’s lead-rolling mill is one 
of the largest and best equipped in existence, and in it the lead 
plates for the construction of the saturators (whicli are made 
up by Messrs. Joseph Taylor & Co.) are mada The ingot lead 
used is irom the finest ores, desilverized by tht; Pattinsonian 
process, and after melting down and again rt'.fining the metal 
is run off into a block 9 feet by H fce.i by about t) inches deep, 
and weighing about 10 tons. This block, when somewhat 
cooled, is lifted and run under the rollers of the mill until re- 
duced to the desired thickness, and can then lie cut into the re- 
quired sizes. From a block of this size plates 8 feet or 9 feet 
wide can be rolled, or thinner sheets of 40 feet in length can be 
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obtained. The saturators must he made up with a minimura 
of .scams, and this burning is done by a special process, giving 
seams which are clean, solid, and dense throughout. 

In the working up of ammoniacal liquor, the quality of the 
leadwork, and particularly the saturator, is most important. 
In dealing with boiling sulphuric acid (and sulphate of ammonia 
cannot be successfully produced without a good boil in the 
saturator) only lead of the very bc'st quality is admissible, as, 



Fi(i. Si}. — Sulphate of Aimuoiiia Saturatoi, hy .lo'^eph Tavlor A Co. 

apart from the loss sustained througli leakages, tluire is the 
subsequent uplifting of floors and foundations, and cracking of 
buildings diu' to the great expansivi' nature of the leaking liquor, 
when this has once peiineated the floor and surroundings. 

Saturators in coke-oven and blast-furnace plants are on the 
boil year in and year out, boiling continually, so that the ques- 
tion of constructing a saturator which will keej) its shape, apart 
from its lightness and effectiveness, is a most important one. 
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Fig. 40 shows a saturator, sulphate drainer, and sulphate store 
at the Leigh Gas Works, Lanes. In Fig. 39 a solid plate lead 
saturator such as described above is illustrated, being fitted with 
double detachable ammonia pipes, man-hole and lid, waste gas 
pipe, detachable steam pipci, and detachable acid ])ipe. Fig. 42 
shows an overhead view of a ^ inch plate-lead saturator worked 
from one plate, with one seam only, while 1^’ig. 41 shows a 
saturator fitted with well for Wilton’s discharger. 

MUk of Lime.— Vhere are various forms of apparatus for 
mixing up th(' milk of lime, such as the circulai* agitated milk 



Kid. .10. -Hulphati* SaUiratoi, Drainer, iind Store. 


of him' pans used m alkali works, or the very neat liming ap- 
paratus 111 whie.h a steam ji't is used, as made by Messrs. 
Meldrum Bros -»j Manchester. 

Misr.rllancous- A.pnrt from this plant, there is the acid supply 
tank, water supply, and mother-linuor well, which receives its 
supfily from the lupior draining away from the sulphate after it 
has been fished Irom the saturator by means of a perforated 
scoop and deposited on the draining table, which is generally 
situated to the left hand of the sulphate maker. 

Adjoining the saturator is the sulphate store, and after 
S 
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tho preliminary draining of the sulphate on the draining table 
adjoining the saturator, this is generally thrown from the 
draining table on to the grid of the sulphate store, which is con- 
structed with H gradual inclination towards a gutter draining 



Ki<i. 4J. — Sulphate SatunUor with Well for Wiltoii’a Disohai'Ker. 
intt) the mother-liquor well, The liquor from the mothei -liquor 
well IS us(;d again m the saturator, being raised by an injector 
piiiced m a suitable position to be operated by a man while stand- 
ing over the saturator. 
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Hand-fiRhing as describpd abovp only applios to plants deal- 
ing with comparatively small quantities of liquor. In larger 



Pm. 4‘2.— Ovciiii' iil Vn*w ol Solid I’late-li'ad SaliiiRtor. 

plants it IS customary to dispense with hand fishing, the sulphate 
being lifted mechanically from the saturator and deposited in 
centrihigals witli a bottom discharge. 





CHAPTKK X 

NOTKS (IN ARTIFICIAL MANUfiE PLANT 

In an artificial manure works, as m an alkali works, otu' of the 
chief features of the plant IS the aeid (tliaml)CM’s In a manure 
works, how('V('r, it is usual to have a much deeper iipstand, as 
the acid is not drawn off m tiu’ sanuMpiaiititv all tin* vear round 
as in an alkali works. It is a common practice to allow the 
acid to accuiiiulati' until a coiisidcrahh' depth is n'aclied in tlie 
chambers, and in this way to loriu a ston* for the busiest p;i,rt of 
the season, which is ^^enerall\ the autumn, to make tor the 
sprin^L 

In the casi* ol vitriol chambers for mauuK' works^ it is not 
uiicomrnon for tlu' upstaiids to he made of as {freal a di'pth as 
.‘i feet. (lonsequently, the construction as rej>anls the lowtT 
portions of the strindure, platforms, and eohiiiins must he jiro- 
portionate.lv stron^jer, in view of the additional wcu^ht ot acid. 

Titinirrs. — A.s m manv alkali works, the humors may ht' 
placed under the chaiiihers. or, as we have si'cii in some works, 
they may he plac(‘d alonj'sidi' the chamhers, the space under thi' 
chamhers hein^ utilized for accommodating^ th(‘ storage bins for 
the manure. 

Manure Dens. -In close (lonnection with the chamhers are 
the manure dens Several desi^ms for tliese have come under 
our notice. In some case'* the dens are. built of com])aratively 
small dimensions, and the mixer is placed in a cirntral position 
above’ tliuHi' dens, with .troui^hs from the outlet winch can he 
moved to a central ajierture, so as to f(‘(‘d into any one of say a 
{^roup of four dens, but we are rather in favour of the adoption 
of a larjrer den, with the mixer placed iii the central position, 
and built in a grouj). Plate IX shows a good arrangement of 
dens, mixers, etc. 

Mixers. — I’here are several forms of mixer on the market, all 
of which have certain merits, which are perha})s embodied in the 
fl 10) 
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one made by Messrs. Fb-aU*.hitt Bros, of Carlisle, and a^^ain that 
of Me.ssrs. Newell of Newark. The' mixer by Pratchitt Pros, 
is cireular in shape, with a drop bottom, wink' thi* oru' hy 
Ni'wells is a horizontal mixer and has its discharge at otu' 
end 

ft will at once be apparenl that m the first method referri'd 
to, of discharging from one mixer into several bins, th(' mixi'r 
would r('i|uiro te be placed at a sufficient height to givi* a neces- 
sary slojie to the inclined sliules into th<' bins fi>r the mixture 
to fall by gravity, but where the mixer is placed ov 4 ’r the centre 
of a den no shiite is reipiired, as the manure, as it falls into the 
d('u, will find its own level In a den say ‘20 fet't by ‘20 feet 
square, it is lU'cessaiA to draw off tlu' gases evolved during the 
heating of the manure after being deposited in tlu' den. These 
gases must Ix' allowed to e.scape freely to a central shaft con- 
necti'd with a condmsing tower, the exit gases from this con- 
densing tower iiigain iii turn being c.onnected with the main tine, 
to the chimney 

M’Ik' opening to the dens is tormed by a hi'avy movable 
door, hut m main eases the den is closed by making it up with 
battens, winch rest m a groove' left ln'tween tlu* ginku's which 
span the opening, and a similar groovi' at the ground level. 
These hat Lens art' slid along, and a eross-board is drojiped in 
supports ]irovid('d loi that p'lrpost' at either side of tlu' opening, 
thus forming a lirm resistanee to the manure within the den. 
Ill this latter case the hoards should Im' roughly luted up with 
a daub of “ black stuff’ . 

The breakers or disiiitt'gra.tt)rs are gt'iieraily [ilaced close to 
till' dt'iis, so that as the manure is brought out of ont'di'ii it can 
he (‘,onv('\ cd readily to a disiiiU'grator, which brc'aks it up and 
delueis il on to a rough circular sieve, which passes on the 
liiu' manure to la- deaJt with hv further mixtiii'i' and sieving, 
while til '■uiip'-' ->1 nuts that have not’passed Ihroiigh the sieve: 
are returned by a shule, to he :i.gaiii passt'd through tlu' disiiih'- 
grator. 

Wc havi' not so tar sjiokc'ii ol l.lu* storage oi the raw ma- 
ti'rials, such as otTal. shoddy, hones, phosphates, etc,, used in 
the mixing, d’lie stores for thesi' materials should he so arranged 
as to admit ol rtiady unloading, and should he next to the 
grinding department, when' the iiigri'dients are dealt with previ- 
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ous to oU'vateri to the store bins over thi' iiiixers and 

manure dens. 

Tn conneotion with the packm^^ department we must take 
into aeeount the space reijuinsl Cor storing' sacks, haggiuf^, ('.tc., 
and in the actual wr»rk ot packing, the sack-hold in <> arrangement 
of Mr Kicliard Simon of Nottingham a very useful contriv- 
ance as a labour-saving device 
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NOTKS f>N (JENKKAL PLANT. 

Acid Plkvatoks. 

The <)ld-faslii()iied acid is still employed in many vitriol 
works I'or tlu' jmrpose ol raisin;^ acids from the ground U'vel to 
the tops of the various towers of tli(' plant, hut of recent years 
the (jmploymeiit of automatic acid elevatoi's has become very 
general, and in designing an u])-to-dato plant their adoption is 
almost a matter of course 

Kestner's eli'vator for sulphuric acid is shown in Fig. 4H. 
It consists of a cashiron liody, Jl (lined with lead if weak acids 
are to he dealt with / ; a l(‘ad-lin(‘d vertical sland-pi^ie, 1’ ; air dis- 
tributing l)o.\, 1); lead floats, X Y; lead-e,oated steel rod, c; 
delivery pijie, T, ; ft^ed ))i])e, T.,. ; regulus metal check valve, M ; 
and comjiressi'd air pi])e, d’;,. It is necessary that the apparatus 
should !)(' li.xed vertically, and the acid in the pipe must not rise 

higher that the levi'l 0 F. In working, tin* acid enters the 

body of the ('levator hy the feed pipe, fills up the vessel, and 
raises tlu' float, which acts u})()n a valve m the air-distributmg 
box. When under air j)rcssure, the acid rises through the 
delivery pip(^ and when th(' vi'ssel is ('inpiied the air is cut off 
and escapes from the vi'ssel, which again fills. The float again 
ris('s, comjiressi'd air is admitted, and the operation is rejieated. 

This elevator is largi'ly used, not oiil\ in vitriol works, hut in 
connefLon with explosives plants, and all factories where acid is 
re(juirod to be raised. In sliglitly modified forms it can be used 
for hydrochloric acid and nitric acid, or for lujuids containing 
chlorine. 

Fig. 44 shows the Kestner eh'vator for hydrochloric acid. 
The parts are as follows : 13, sheet-iron body, lined with ebonite ; 
T, ebonite-lined stand-pipe ; D, distribution box ; X Y, ebonite 
float ; C, steel rod coated with ('.boiiite ; Tj, discharge pipe ; T.^, 
(119) 
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feed pipe ; M, ball check valve. 

The line G V shows the 

highest level allowable for acid 
m the feed cistern. This ele- 
vator is simplt' and steady in 
working, and it has heeii very 
gi'nerally adopted. 

Fig. At) shows a eheapt'r 
form of K(wt.ner’s (ilevator for 
hydrochloric ae.id, acetn* acid, 
and acid liquors generally, ft 
IS work('d with less head of 
fet'd. Made of earthenware, 
it is U'sted to a pressuni of 
7t) 11). before being sent out 
by the makers. 

'rh<! parts ol the ajiparatus 
are as follows ; fj, stonewan* 
c\hndrical body: T, stand- 
pipe . J), air distribution box; 
X, ebonite iloat , M. india- 
rubber ball valve ; ’f\, didivt'ry 

jiipe ; T.j, feed })ip(' : G H, 

highest level of acid in feed 
cistern. 

Fig. 40 shows an eartht'n- 
wart' t'levalor, als(» made by 
IVIt'Ssrs. Kestner, for raising 
11 line acid. This t'levator has 
b('en ado])ted by the principal 
e.xplosive factories, and in 
many ol the Goveriiim'iit 
powdi 1 \orks both al home 
and abroad. It is a most rt'- 
hahle eh'vatov, and all parts 
in contact with tlu* acid arc 
ot earthenware. 

I’he elevator is built up as 



follows : B, stoilewart' cylin- 44.“-Kefltner’H Elevator for Hydro- 
drical body ; T, stoneware chloric Aoid. 
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staiul-pipi* ; 1 ), stoneware distribution box ; M, stonewai'e check 
valv<' ; To, acid feed pipe ; T,, acid discharge pipe' ; K, stoneware 
f('i'd (;ist(‘rn ; S, syphon; A, feed reservoir; T;,, eompn'ssed air 
supjily pipe: (\ stoneware delivery cistern. 

Tt often ha[)iMins that acids have to lx* elevated to a point 
situated at a height supc'rior to the one corresponding to the 
pressure of compressed air used ; it is then either necessary to 
change the compressor, or to raise the acid in two stages ; that 
IS, with a stand at half-lu'ight. M. Kestner applies emulsion to 
lighten tlie delivery column, and this by simply piercing a small 
hole in till* part of the delivering pipi* which is contained in the 
('h'vator. Part of the compressed air escapes by this hob* directly 
through the delivering }np\ m which it forms thi* Pohh' s bulb 
chain for easing the delivery. 

Tins arrangement admits of the height ol (lay-fjussac towers 
in a. vitriol works being increased without raising the pressun* 
ol coinpn'Hsed air or working by double stages. 

A very effective acid elevator, made by Paul Schuet/<e A’, do. 
oi Ogge.rslu'im, (icrinaiiy, and supplied by Messrs. Born(‘tt A 
C'o., of London, is now being largely used wherever acids or 
other liquors an* to be raisi'd. 

'J'he mechanism is entirely enclosed, stulhng boxes and 
other parts subject to wear and tear being disjieiisi'd with. 
When tlu* supply of liquid ceases, tie* elevator siinjily stops work- 
ing, and starts of its own accord as soon as the feeding tank begins 
to fill. In the same way, the elevator stops il llu* supply of 
conijiri'ssed air or steam should fail, ainl r<'-start.s immediately 
the required pri'ssuri* is availalile. 

d’hesi' elevators w'ork with <‘,xparisiou, and llu'refore consume 
only such (piaiitity of compressed air or steam as eorn’spoiids 
to the lii'ight of tlu* lift. 44i(' liighei the pressun' ol tlit* com- 
])ressed air a])plied, the smaller is the voIuuk* consuiiK'd. 

The liquid flows b\ gravilatioii through a eheek-valve into 
the eli'vator. |)uiiiig this ]^Hinod the dead weight of a double 
float (consisting ol two rigidly connected fialls) acts on a lever 
in such a manner tliaf the eompressed air (or steam) inlet is 
kept closed, whiisl the outlet valve is open, allowing ilie air 
displaced by the liquid to eseajie. When the liquid reaches the 
upper ])art of the upper hall, the float iises, wheicby the air 
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outlet is closed, and the air inlet valve opened. The dom- 
pnissed air then presvses upon tlui surface of the liquid, which 
is forced through the delivery pipe. When the surface of the 
liquid reaches tlu' lower ball, the float sinks, closing the air 
inlet valve. Tlu* compressed air expands until the egg is 
nearly emptied, but, before the air can enter the delivery pipe, 
the air outlet valve opmis, and the cycle of operations is 
repeated. 

No air eKca})es through the delivery pipe, which need not be 
vertical, but may be inclined at anv aiigh', and may be partly 
horizontal. The jiressure of the compresscid air or steam applied 
may vary bi'tween HO and 70 Ihs. per sijuare ineh without inter- 
fering with the regular working of the apparatus. If required, 
the. ('levator can he constriicti'd in such a manner as to allow 
the iiressure of the eoinpri'ssed air to vary within wider limits. 

The euiistruetion of the float shown allows the specific 
gi'avity of the lupior to vary hy alnnit OO degrees Tw., so that an 
eh'vatoi' constructi'd to raisi' liquor of an av('rag(' specific gravity 
of say TOo will cmitmu ■ to work as long as the specific*, gravity 
does not fall below 1 ‘5 and does not rise above 18 A slight 
modification of tlu' design allows unlimih'd variation (.)f the 
specific gravity witliout interrupting th(‘ continuous working. 

Tlie elevator performs from HO to (>0 operations per hour, 
according to the varying (urcu instances. As the (juantity of liquid 
discharged at each operation is always the same, the daily or 
weekly output can he controlled hy means of a counting apjiara- 
tus winch riigisters the mimh('r of pulsations. 

These elevators are eonstrueted of various materials ; for 
sulphuric acid of at least 110 degrees Tw., of plain cast-iron; 
if for Gay-Lussac and Glover-Tower acid, of cast-iron, partly 
lead-lined ; for cold or moderately warm liquors, of cast-iron, 
com])letely lead-hned ; for hot lupiors, of wrought non, homo- 
geneou ly leaded , for fatty acids, of copper ; and for hydrochloric 
and nitric acid, of earthenware m iron casiiig. 

The following table shows the miniumm pressure of com- 
pressed air or steam required under th(‘ dillerent working con- 
ditions. The jiressure stated leaves an amph* margin for friction 
in the delivery pipe and for slight variations of the specific 
gravity. 
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The Kil'J’kim’Kkss. 

J’ho filLrr-prcss is oiu*, oi the most familiar ami usolul pieces 
ol plant to li(‘ (oumi m a clumiical works. As pc'rlectod liy 
A. L. (4. Doline, of Halle, (i(‘rmany, il is m universal use, 
ami, therefore, some detailed deserijition of the construction and 
working' of tlie various types ol apjiaratus is here ffiven. The 
sole a^^ents in (rn-at J^ritam foi l)ehiu*'s lilt(‘r-}tri'sses ar(' Messrs. 
(' Ilar/er A ('o., oi h’lnshury Pavemeni lIous<-, Tjondon, K.C. 

Pilter-prcsses are used \\h<Tever solids and Injiiulshave to be 
separated. Thev replant', in most east's to ‘^ut'at advantaj^t', all 
tither devices for liltration, elimination, or washing of materials, 
'rhe characteristit's ol Dehiu's iilter-prt'ss are : (1) To <^ivt', tlie 
lar^fest possiblt' fillerm^^ surface in the smalh'st jiossible space. 
(2) The fat'ility of forcnij’ the li(|uid part of the material through 
the filtering im'dnim (cloth) by tln' most suitable pressure, from 
a slight gravilatitm pressure up to J40 lb. per stjuart' inch, or 
t'ven higher. (:f) The easy handling tif the press. 

'Fhe filter-)»ress consists of a number tif strtmg corrugated 
iron platt's with a htile in the middle, and the planed margins 
somewhat raised above the corrugations. The plates are covered 
on both sides with filter-cloth, which is fixed round the holes. 
The plates are tightened one against another, so that by means 
of the raised margin a hollow space is created between each pair 
of plates, which, under pressure, and assisted by the packing of 
the filter-cloth (the end plate has no hole), is effectually shut off 
Irom the outside. 
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The liquor to be filtered is forced through the hole in the first 
plate, and enters (after the air has been allowed to escape), fill- 
ing all the hollow spaces between the plates. As the pressure 
on the liquor continues the latter is forced through the filter- 
cloth, leaving and ac-cumulating all solid matter (the impurities 
or the material to be separated) in the filter-chambers between 
the plates. After having passed through the cloth the liquor, 
now clear, runs down the corrugations and finds its exit through 
a channel to the outside of the plat<*s. When the accumulatcKi 
solids have filled all the hollow spaces (about twi^thirds of the 
space occupied by tlu' whole press), the shutting arrangement of 
the prtiss is loosened, tlu' plates an* separated, the cakes of solids 
allowed to droji out, the ])lat('S re-tightened, and the process 
re-started. 

Two chief methods of (construction are miiployed : (1) (Iham- 
her-{m'sses,in which the filter-chamixn-s avo formed by the raised 
margins referied to ; and (2), frame-presses, in which th(‘ margins 
of the plates arc on tluc saiiK* level as the filtering surface, and in 
which the tilt('r-chaiiib(*rs are formed by means of hollow frames 
ins('rted so t.hat filter-plates and tranu's run alternately through- 
out the t'litire length of the press. 

The* filter-prtess is us('d for • (1) Separating solids from 
iKpiids , (2) clarifying h(|U(U-s , (d) washing substanices and 
tn'cing them from objectionable soluble admixtures . and (4) 
extracting substance's. 

Tli(' parts of a])ress winch come intocontact with the lujuors 
t() he filtered arc made citlier in iron, wood, gun-metal, bard 
lt*ad, tin, or iron coatinl with vulcanite*. Iron filter-presses are 
preferable, on account of their durability, m all cases wliere there 
IS no objection to the material to be treated coming into contact 
with iron or minute quantities of its oxides. 

Wooden filter-presses are made of iron with wooden head- 
plates 1). Ited oil to them, and the nest of the plates in wood, with 
wooden taps, etc. The channels through the iron headpiece, 
valves, etc,, are either madecjf gun-metal or iron homogeneously 
lined with some suitalile material (hard lead, tin, or mdiarubber), 
so that the material to be dealt with comes into contact with 
nothing but wood and a suitable metal. The wooden parts are 
usually -made of carefully selected pitch-pine, but they may be 
constructed of oak, teak, etc., if desired. Dehne’s plates are so 
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designed that tliey are given the utmost strength. The central 
filtering surface having a margin built round it, the whole of the 
plate (filtering surface and margin) is made up of several vertical 
sections which are held together by horizontal bolts at the top 
and bottom. It is, therefore, a physical impossibility for the top 
and bottom of a plate to be blown out. The w(!ar and tear of 
till' wooden parts is very slight, and they can also be renewed at 
small expense whiiii nec(^>.sary. 

Tn the chamber-press the cakes dro]) out with very little 
assistance, as soon as the pri'ss is openiid and Uii; plates se- 
parated. In the frame-press, tlic cakes forming within the 
intermediate frame's can either be lifted right out of the press 
in till) frames or knocked out l^’iame-presses are, therefore, 
not suitable for substances not forming a solid cakii. Kor 
materials of this kind chamber-presses with the feed channel at 
the bottom left-hand corner should be used, as with this tyjie 
the press can be drained before it is opened. In frame-] u’esses 
the feed channel is situated outside the filtering surface, with a 
channel li'ading to the interior of the frame. In all cases, tliere- 
fori', where the material is of such a nature that it is likely to 
block this comparatively narrow channel, the chamber-pressi's 
are most suitable. On the other hand, where there is no fear of 
blocking this small channel, the frame-jiress has many advan- 
tages, as the whole filtering surface is available for work, and the 
fixing of thi' filtering cloths is very much simpler. 

1’he following illustrations show the various mi'thods of fixing 
the filter-cloths, b’lg. 4S (A) shows the headplale and plate of a 
chamber-press. Tt will bi' seen that the cloth is simjily hung 
over the plate, and clipped at the feed hole with a union screw. 
This IS a most convi'iiieiit method, and is far more simple than 
the usual one, shown in Fig. T.) (0), viz., joining two cloths to- 
gether at the centre feed hole with a short cloth pipe, pulling 
one cloib Lhrough the feed hole, and then tying the two together 
at the top. Fig. 48 (D) shows the method for frame presses. In 
this case, the cloth is simply hung over the plate, and requires 
no fixing whatever. In cases where the plates have channel 
flaps outside, these must hi' provided with a packing which is 
the same thickness as the filter-cloth. This is effected either 
by fitting the chauru'l fla]) witli a cuff made of the same material 
and thickness as the filter-cloth used (see Figs. 49 .V and 49 B) or 
9 
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by providing these channel flaps with india-rubber tightening 
rings. The latter arrangement is by far the most convenient. 
The channel flaps have a circular groove cut round the channel 
holes in which india-rubber cloth-covered rings are inserted. 
These make a perfectly tight joint and the rings last a long time, 
and can be easily renewed at small cost. . 

The standard thickness of the cakes is 1 inch to 1 i inches. If 



A.— Headpiece Plate. B.— Headpiece Frame Plate. 

Fid, 4s. — Dehne’n Filtov-presa : Mcthode of FixiuR ClothB. 


desired, the thickness can be reduced or increased. The more 
easily the material filters the thicker may be the cake. In the case 
of Dehne’s washing presses, experience has shown that it is not 
advisable to increase the thickness above the standard except in 
very rare cas( 38 , any gain by the thicker cakes in the filling of 
the press being more than counteracted by the disproportion- 
ately longer time required for the thorough washing. 

The proper choice of the most suitable filter-cloth is one of 
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the most iirij)ortant factors upon which the rcisult of filtration 
depends. The; guiding principle will be best ap])areut if we re- 
gard the filter cloth as a sieve with very fine meshes. The 
nuishes should be just narrow enough to hold back the particles 
which it is desired should be retained. If the meshes ar(' smaller 
(i.e., the cloth denser than necessary) the output of the press 
will Jiaturally be reduced. The exact determination of the; most 
suitable cloth can only be arrived at hv actual experience. The 
usual raw material for the cloth is cotton ; where, however, acid 
liquors are h^ing dealt with, woollen cloths will probably be 
necessary. 

The ])rovision of tajis to I'ach plate gives the advantage of 
allowing a perfect control over ('acb filter-chamber. If some- 
thing is wrong in one chamber (the cloth tom or shifted), which 
will be noticed by the one tap onlv running turbid, this tap may 
be shut oO’ and the working of the jiress contmiK'd 

Presses with cIoschI efflux channel are used if the cleai' luiuoi- 
leaving the press is conducUxl under firessure to a highi'r tank, 
or if the liquor is volatile. 'I’he disadvantage' is that no control 
over the separate' chambe'rs is allbrded. 

iJehne’s presses are provide'd with tw'o washing syste'ins, the; 
tliorough-eixtraction system being a novel improvement on the' 
old simple washing arrangeiment. which emly partly attains its 
end of washing the soluble admixtures out ol the* eiakos. The 
siiiqile washing arrangement is still provided in all cases where 
only a partial re'iiioval of tlie soluble admixture' is required. Tt 
consists of e)ne channel thremgh wbieli the wash-wateu- linels its 
way into every alternate plate*, jiasses through the cake* and out 
of the oi>en tap eif the next plate Only })art of the eiake is 
effectually washed, and there is a great temeleucy for the water 
te) feirm a channel in the cakes and imt to wash the eithe'r jiarts. 
This has led to the construction eif the thorough extraction 
system, the only device which ensures an absolute and quick 
extraction of all soluble matter with the U'ast (juantity of water 
or other suitable solvent. 

After the formation of the cakes, tlu' taps are all closed. 
The wash-water is now forced under a suitable pressure (pre- 
ferably a somewhat higher ])ressure than the one at which the 
press has been filling) into channel />, and is distributed over the 
filtering surface of the alternate plates (one having a cliaunel 
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to the inside, the next none). 
It is now, forced simultane- 
ously over the whole surface; 
of the cake to penetrate the 
cloth, the cake, the next 
cloth, to collect behind the 
tilter-cloth of the next plate, 
and find its exit on the top 
of that plat(; into the united 
elUux wash chaniud il of every 
alternate plate : c is the chan- 
nel for the escape of the uir. 
The arrangement of thes(' 
channels compels the wash 
water to ])(;netrat(‘ every part 
of the cake horizontally, and 
to tak(' with it (!vcry particle 
of soluble matter. The actual 
course of tlu' thorough (‘\- 
traction can he. controlled in 
two ways : ( I) by the amount 
of water passed through the 
cakes, which can easily be 
measnn'd by moans of a 
graduated trough fitted with 
a special valve ; or (2) by the 
control of the specific gravity 
of the wash-wattir by means 
of a hydrometer placed in the 
control apparatus. 

With the assistance of 
the illustrations, hdgs. 50 and 
51, the working of presses 
fitted with the thorough ex- 
traction systi'in will be very 
clearly shown. When feed- 
ing the press, the valve a, 
controlling the feed channel, 
and the taps i should be open, 
all other valves being closed. 



Fig. -50. — Details of Thorough Extraction Filter-press. 
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As soon as the press is filled with cake, the feeding is stopped 
and the washing operation started. For this, the valve a and 
the taps i are closed. Valve b and the air tap c are then opened, 
but as soon as the wash-water commences to run from the tap 
c, this should be closed and valve d opened. For the remainder 
of the washing operation, only valves h and d should remain 
open. On the press are supplementary valves e (on the feed- 
channel) and / (on the wash water inlet channel). These can 
be used for various purposes, such as aerating or steaming the 
cakes, passing hot air through, etc. The valve / can also be 
used for draining purposes if by any chance the* press should 
not be full of cake and needs emptying before it is opened. 

It is a j)rin(;iple of filter-press design that the press should 
be square in form, in order to ensure the most economical 
use of filtering surface, and that the most easily cleaned 
and efficient surface is one consisting of fine ribs or corruga- 
tions. I’roviding that care is taken to give the corrugations 
sufficient depth to prevent the filter-cloths from sagging to the 
bottom when under pressure, and that the ribs or corrugations 
are smooth and candully rounded, this will be found to form the 
most effectivi' practice. The filter-cloth must not be regarded 
as the principal filtering medium, but only as the foundation 
upon which the real filtration is based. As the operation pro- 
gresses, there grows gradually a stratum of the matter at 
first arrested by the cloth, and the liquor following has thus 
to pass through an increasing thickness of solids in addition to 
the cloth. Thus there are cases where satisfactory filtration is 
only obtained after the press has been in operation for some 
time, (riven a uniform material, th(^ cake should form on both 
sides of the filter-cloth alike, and in fairly strict uniformity. 
The more porous the filter-bed, the quicker will be the forma- 
tion of the cakes of matter arrested. This cake, again, varies 
in degr''e8 of solidity or density according to the degree of fine- 
ness of the particles forming it. It follows, therefore, that the 
more open the filter-bed the sooner will a cake of a given thick- 
ness be formed, due consideration being made for the pressure 
employed. The pressure must be arranged according to the 
porosity of the cake, in order to ensure the maximum of filtered 
liquor in any given time. 

Again, it is of the utmost importance that the continuity of 
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])r(;ssnro should be recognized in defining the. most acceptable 
form of working. The pressure may, at intervals, be slightly 
inci-('ased, but should not be allow(!d to fluctuate or become 
jVrky, wliich may be obviated l)y a large air vessel being used 
or the employment of the monh'jus. The (ilimmation of gluey 
and slimy substances, and small particles of (jther solids, nec(*ssi- 
tates a porous filter-bed to ensure prolonged filtration. Tn the 



Fi(i. r')2. — l'’iltci-cl((tli WaBhint> Machine. 

case of very fine particles, these are forced into the pores of the 
cloth, and thus retard or entirely stoj) the work ; with these a 
slight uniform pr(^ssure is obtained by feeding the liquor enter- 
ing the filter from a tank placed a few feet only abov(‘ the inlet. 

Where neithcir iron nor wtiod can be ('inployed, the filter- 
press IS constructed m such a manner that all the parts which 
come in contact with the material being worked are of iron 
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coated with vulcanite, liardened lead, gun-metal, or tin. For 
such liquids as ether or ammonia, for instance, in order to 
prevent the vapours escaping, a sealed condensing cover is 
])rovided. 

In th(' case of materials that only require a low pressure, 
such as oils, where strong construction is not required, filter- 
])resses tested to Ih. to tlu^ square inch may be obtained. 
So also for oil filtration, ])resses with two outlet taps enable oil 
to be fcid by gravitation (the top row of tajis being used first) 






SludKt; 


1 

Inlut. 


nV 




IB' 




P 


FilU-r 


is 

Cluiinbei 


J 

M 






FiltmU- 



Outlet. 



\w^ 



J-’ki. r>'A. — OluM-k Kilt<*i. 


into the ]iresses. For increased pressure, a bottom row of taps, 
and, if luujessary, a pump, may be employed. 

The wasli'iig of filter-cloths is usually done by hand, by 
means of a fibre brush and water, for which purpose the cloths 
are spread out singly on a board This tedious manual labour 
can 111 most (;ases be dispimsed with by the use of Dehne’s cloth 
washing machine (Fig. r»2j. The cloths are placed in the 
washing cylinder, about a dozen at a time, and the cylinder is 
then set in motion by belt transmission, when the water in the 
trough of the machine circulates through the cylinder and 
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washes the dirt out of the cloths. The inlet and outlet of the 
water are regulated by stop valves. The water can, if necessary, 
be heated in the machine by the admission of steam. 

With filter-presses provided with taps, the action of the 
filtrate can be watched, and, if necessary, a muddy chamber 
can be stopped by closing the efflux tap controlling it, so that 
the clear filtrate of the other chambers may not be diluted. 
But it is better still if the taps themselves are self-acting, and 
made m such a way that they act as small check-filters ; they 
will clear the first runnings and if, for any reason, during an 
operation, the filtrate becomes cloudy, they will automatically 
close that particular chamber altogether. 

With filter-presses which have a united efflux channel, the 
filtrate cannot be watched at all, and it is impossible to tell 
which chamber is running cloudy. Tt is then necessary to stop 
the whole press. In such filter-})re8seR, check-filters can be in- 
serted in the channels of the various chambers, and so allow 
only a clear filtrate to pass. If a lilter-cloth is torn, these check- 
filters automatically close the chamber. 

The Osmose or Dialysis Apparatus. 

These machines are constructed for the practical employ- 
ment of the physical })rinciple of diffusion, osmosis or dialysis, 

If two different miscible liquors which have no chemical 
action one upon the other are allowed to come into contact 
with each other, the effect of the natural attraction of their 
respective molecules solely, without any agitation or other 
influence, causes a constant exchange of molecules between the 
two liquors, until they are thoroughly amalgamated into one, 
which is absolutely homogeneous. A similar process takes place 
if the two liiiuors are separated by an animal or vegetable mem- 
brane, capable of being saturated with the respective liquors 
(in this apparatus parchment paper). The membrane forms 
a sieve with very minute meshes. According to the size of 
them, some molecules will pass this sieve very readily and 
quickly, others very slowly, and some not at all. Diffusible 
and non-diffusible bodies can thus be differentiated, and as 
experience has shown that the former possess, almost without 
exception, the characteristic of either being crystallizable, or at 
least to form crystallizable chemical combinations, the former 



GENERAL PLANT. 


139 


are called “ crystalloids " and the latter, mostly of a gluey, slimy 
character, “ colloids 

The quality of the crystalloids to diffuse is made use of in 
their separation from the colloids. If the alternate chambers 
of the apparatus are constantly supplied with fresh water, it will 
be seen that in the proportion of crystalloids and colloids in the 
mother-liquor, the former will be constantly diminished and in- 
creased in watery solution. As mentioned, the rate of diffusion 
must vary with the size of the molecules — common salt diffuses 
twice and sulphuric acid three times as quickly as f^ugar. This 
difference in the speed of diff'usion is made use of for the separa- 
tion of different crystalloids. 

The skeleton of the dialysis apparatus is similar to that of a 
filter-press. It contains a number of wooden frames, which are 
alternately constructed so as to hold the two different liquors. 
To prevent the frames from being wrongly placed, the tops are 
alternately flat and pointed, with triangular handles on one 
side and flat on the other. The parchment-paper is hung over 
the pointed frame only. 

Corresponding holes in the frames form channels through 
which the two li(juors, one generally water, introduced through 
two funnels, are conducted into the alternate chambers, through 
which they constantly pass at a slow rate, leaving the apparatus 
by the control pipes, in which a hydrometer is placed. 

Every twenty-four to thirty hours the lever on the fixed 
head-piece is turned, which has the effect of causing one liquor 
to enter the chamber previously occupied by the other. This is 
done in order to make the liquor pass through the parchment- 
paper in the reverse way. Every three or four days the appa- 
ratus, if m constant use, is cleaned by passing some acidulated 
water through. A change of paper is usually required every 
six or seven days. 

Schuler's Porous Filter Plates. 

As a filtering medium for valves, vats, etc., Schuler's porous 
filter plates, as supplied by Messrs. S. Bornett & Co., are now 
in extensive use. These plates were originally made for acid 
liquors and coarse precipitates, and, as such, met with great 
and increasing favour. The manufacture of them has developed 
gradually, and by continual improvement they can now be 
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8 U])})liod as suitable for either the finest precipitates or for 
acul and alkaliiu; liquors. The plate, rebated around the top 
of the filterinjf surface, and the consequent t]jrooves when the 
stones are to<^^ether, are filled, witli jointing material to onaI)l(‘ 
tlu‘111 to resist, like the filter plates, the effi’cts of liquors of 
a similar charachir. Portland cement, lead, or a mixture of 
sulphur and graphite, and similar sul)stances may he used, and 
will he found, if n'quired, to form a suitable jointing material. 

In order to avoid clogging, very fine porosity marks tlu* 
])lat(‘ surface, m such a wav (gradually increasing downwards) 
that there is no obstruction t(» th(‘ flow of the filtrate by the 
lower portion of the plate, which siu’ves merely as a support, 
and gives the filtering layer strength and cohesion. Tn certain 
instances, at the bottom of the plate, holes are provided almost 
to the filtering plate, and these assist in the carrymg-off. 

If they are mhuided to la* used on a double bottom, the 
bottom of the plates is flat, hut if the plates are grooved on the 
undersidi', thi* false bottom is uimecessary. lly the jiressure 
under which filtration is earned on, the soetion of these grooves 
IS determined, being deepest for th(‘ slightest pressure and vice 
versa. 

Th(' plates possess a iiumher of iiiqiortaut improvements 
upon manv makes now upon the market. Their special porosity 
excludes the viu’y finest particles of solid mattm*, therehm; they 
do not “ clog,’’ and washing is obviated, with a considerable sav- 
ing in labour, and also cost, because duplicates need not he pro- 
viiled. Tor the treatment of alkaline and corrosive liquorsdhey 
have found a very wide use, which is likely to become general in 
works when' such liquors have to be dealt witli, and their em- 
plovmeiit IS also extending to neutral lupiors, a piu'fectly bright 
filtrate resulting from the very beginning of filtration. 

The porous filter-plate method may bo utilized in all the 
best-known types of filters, though specially designed pressure 
filters, under pressure, are probably the must comjiletely satisfac- 
tory method. In erases where a vacuum is employed for filtering 
or other purposes, vacuum filters may be used. 

PllKSSlJRK FiLTHRS l-'OR Acii) Ligooiis. 

Boriuitt’s jiressurt! filters for the filtration of acid, alkaline 
and corrosive liquors of all kinds by means of porous filter-plates, 
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arc also very useful. The advautages of this })ractically indb- 
structible filtering material, which can be used <;ven for the finest 
precipitates without clogging, has already been indicated. 

Both vcTtical and horizontal types of these filters can be ob- 
tained. Kor small outputs up to 1) square feet of filtering surface, 
the vertical filter is recommended. The outiT casing contains 
the filter-pot, in which are placed the filter- plates. During filtra- 
tion, the pot is filled with the liipior under treatment, the casing 
is closed, and c.oiiqiresscd air is admitt(*d. The pot is then en- 
tirely surrounded by compressed air, and is not exjioscd to any 
unbalanced pressure, not even on tin' bottom, as the filte.r-plates 
rest directly on the latter, 'riie ])ot, which alone comes into 
contact with the liquor, can therefore be made from material of 
low tensile striMigth, i e., h^ad, tin, stoneware, or wood, as any 
deformation is impossible, owing to the system of balancing the 
jiressure. 

According to the working pressure* and temperature, tb(' 
easing is made of cast iron or stei'l, and, if necessary, is pro- 
tected from vapours by paint or by a lining. The joint round 
th<’ outlet from the ])ot is made by a rubber ring. 

Th(' filters are used in the following manner. At thi* 
beginning of each operation, the ))ot is filled with the liquor to 
be filtered, the filter is closed and comiiressod air is admitted; 
or they can be used continuously by punijmig in a quantity of 
turbid li(]Uor corresponding to the amount of filtrate discharged. 
'J’he consumption of compressed air is very small, as this is only 
admitted at the beginning of each operation, and remains in 
the filter during filtration and washing. The wash- water is in- 
troduced 111 such a fashion that it Hows down the wall of the 
]) 0 t, and does not nii.\ with the mother-lKpior, which is generally 
of higher specific gravity. The motlu'r-liipior is therefore dis- 
placed ill the shortest possible time, and an o.xtremely small 
quanti 1 y - )f water is sufficient for complete washing. The filters 
are fitted with air inlet and air outlet valves, pressure gauge, 
safety valve, and with inspection glasses which permit the 
attendant to watch the progi-ess of filtration and washing from 
time to time. The vertical pressure filters of this tyjie are 
supplied in different sizi‘s up to a iiressure of about 12 square feet. 
Where a larger filtering area is required, the horizontal filter 
is recommended. 
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‘ The horizontal filter is formed by a number of filter trays 
which are arranged in a casing. The filter-plates rest on the 
bottom of each tray, in the same way as in the vertical filter. 
The drainage channels formed by the corrugations at the 
bottom of the plates discharge, however, into the lateral outlet 
pipes. In this type also, it is only the trays that are filled with 
liquor, which does not come into contact with the outer casing, 
and the trays may, therefore, again be made of lead, stone- ware, 
wood, or some other material cajiable of resisting the action of 
the liquor. 

To facilitate the removal of the ri^sidue, each tray is provided 
with two cross-bars running on wheels. When the tray is 
withdrawn from the casing, the front bar rests on a bracket 
placed on the cover, while tin; bar at the inner end i-uiik on rails 
fixed in the casing. When the tray is to be withdrawn, it is 
coupled to th(i door by means of a hook in the case of the top- 
most tray. As soon as the tray has bi'en withdrawn, it can be 
tilted to facilitate rapid removal of the residue. The cover is 
closed either by liolts or by means of a cross-head and screw. 
While the filter is closed, the cover pressijs on the tray, so that 
the rubber joint-rings placed on the outlet pipes are compressed 
against the back of thi^ casing and make the joint duiing work- 
ing. The joint between the casing and the cover i.s made by a 
rubber strip held in a dove-tailed groove, which, like the rubber 
rings on the outlets, lasts for a long time, as it does not come 
into contact with the liquor. 

The method of working is similar to that used with the 
vertical filter. Sludges which can be pumped only with difficulty 
are filled into the trays before the casing is closed. If the 
li(]Uor can be pumped without trouble, the filter is used con- 
tinuously, and in a filter provided with a number of trays ar- 
ranged one above the other, the liquor may lie h'd separately 
to each tray, or it may be pumped into the top tray only, and 
overflows through suitable large pipes into the others. The 
progress of the operation in each tray can be watched by suitably 
placed inspection glasses. 

One man is sufficient for attending to all operations, i.e., 
charging, emptying and closing, even with filters of the largest 
size, which may have a filtering surface of 200 square feet and a 
capacity up to 1000 gallons. 
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The porous filter plates produce, even at a high pressure, a 
clear filtrate from the start. For this reason it is not necessary 
to watch the filtrate, and the outlets can be combined into a 
common discharge pipe without any drawback. In this case the 
pressure filter also acts as a forcing receiver, and the filtrate may 
be discharged at any higher level. 

Fused Silica Ware or “Vitreosil". 

A substanoci which is deservedly finding increasing use in 
chemical works is the fused silica ware produced b^y the Thermal 
Syndicate, Limited, of Wallsend-oii-Tyne. By the aid of the 
electric furnace the manufacture of “Vitreosil” has been suc- 



Kiu. 54. — “ VitreoHil ” Pipes. 

cessfully developed, and a valuable range of articles is now avail- 
able for use in connection with chemical plant which simplifies 
many of the problems confronting the chemical engineer. 

The principal properties of vitreosil are its great resistance to 
heat and acids. It is amongst the most refractory of materials, 
melting at about the same temperature as platinum (between 
1700' ( . and 1800' C.). The co-efficient of expansion of fused 
silica is extremely small, being about one-seventeenth of that of 
glass. In con8e(iuence of this small co-efficient it is possible to 
subject vitreosil to rapid changes of temperature without any 
danger of breakage. The material is unaffected by acids, with 
the exception of hydrofluoric, and, at high temperatures, phos- 
phoric ; the action of phosphoric acid on silica only commences 
above 400° C., so that for all ordinary purposes it can be safely 
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used witli this acid. Sulphuric, nitric, and hydrochloric acids, 
or a mixture of acids, siudi as acjua-roj^ia, have absolutely no 
action on the material. 



Vitreosil is now beinj^ emploveil m tla* construction oi plant 
for the luanufacture and concentration of suljihuriii acid, in place 
of lead, porirlain, volvic lava, and ])latimiin One of the weak 
points of vitnol plants is tlie pi])c used for convi'ymg acid into 



the nitn;-pot. This pipe, usually made of iron, but sometimes 
of earthenware, is soon affected by the hij^h temperature and 
corrosive action of the acid, and frequent renewals arc iioces- 
sary. A vitreosil pipe, shown in hig, with cast-iron pro- 
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tection socket, has been substituted in many English chemical 
works for the former iron pipes, and has proved most successful. 

Instead of the usual nitre-oven the arrangement illustrated 
in Fig. 50 may sometimes be adopted with advantage. This 
consists of a series of shallow-lipped basins, which are placed in 
a chamber at the end of the burners. Liquid nitric acid is fed 
from the top (as shown) or through the side walls, according to 
the manner in which the jilant is arranged. 

The acid is evaporated 1)V the hot burner gases, and passes 
through the Glover towiir into the chamhers in tlje usual way. 
This method allows tlie amount of “ nitre ” introduced to be 
(‘aHii\’ varii'd without disorganizing the process. 

The lead lips and guth'rs of the Glover towers are seriously 



ahectt'd by the hot acid and hy the scouring action of fine par- 
ticles of coke or disintegrated packing from the t(jwcr. Addi- 
tional false lead lips and brick linings are rcsortcid to in some 
cases to increase tlu' life of these parts, but with only moderate 
success. Vitreosil lips and gutters (f^'igs. 57 and 58) have 
entirelv overcome these; dilliculties, as the material is quite 
proof against scouring, and is, of course, unaffected by the acid. 
Vitreosil siphon jiipi’.s (Fig. 59) may be used to draw off the 
acid when a Glover tower is not luted in the usual way. 

The efficient concentration of sulphuric acid has always pre- 
sented difficulties to chemical manufacturers, mainly owing to 
the failure of the materials of which the plant has been con- 
structed. That it is a question of materials, is proved by the 
10 
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fact that costly plants have been installed in which the concen- 
tration is carried out in vessels made of platinum, or platinum- 
iridium alloys. Attempts have been made from time to time to 
construct continuous concentrators, using glass, enamelled iron, 
or porcelain for the concentrator units. The frequent replace- 



ments necessary, citlier through breakage* of the vessels by heat, 
or on account of tlie action of the aci<l on ih(‘,ni, has been a 
serious item in the u])kee)) of such plants. 

The possibility of using vitrc'osil vessels in plact; of porcelain, 
etc., for these cascade jirocesses, immediately appealed to acid 
makers when the properties of the material became known. 

Trials were made at several 
works in 1907 with vitreosil 
^ np beakers and basins, and success- 

^ ful results were obtained. Tt 

^ was found that there was no 
necessity to protect the vessels 
from the flame by means of 
fireclay slabs or pots filled with 
sand, as they could be exposed to direct firing without danger. 
The result was an increased output of finished acid with a 
decreased consumption of fuel, and at the same time the break- 
age of vessels was very largely reduced. 

Extensive use has been made of vitreosil basins, one of which 
is shown in Fig. GO, for cascade concentrators, over 600 being in 
daily use in Great Britain, while a larger number are in opera- 
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tion on the Continent. The plants working in Great Britain 
only, at the present time, represent an output of about 22,000 
tons of 168 degrees Tw. acid per annum. 

A silica basin plant combined with lead pre-heating pans is 
very efficient. A test over a period of four months on one plant 
gave the fuel consumed as 15 per cent of the weight of finished 
acid. This was with a concentration of 168 degrees Tw., start- 
ing with acid of 106 degrees Tw. — 110 degrees Tw. The out- 
put of a forty-basin plant is approximatcdy 4 tons of 168 degrees 
Tw. acid per day. 

Beakers for the Webb, Dyson, and similar s/stems are also 



Eia. «i. 


made. TIkj following paragraph from the Forty-fifth Annual 
Beport of the Chief Inspector of Alkali Works refers to a con- 
centration plant using vitreosil beakers. “Experiments with 
specially designed ‘ fused silica ’ vessels, instead of porcelain 
onei., have been made at one work. The manager is so well 
satisfied with this material for the purpose of rectifying sulphuric 
acid that he has now substituted it for the porcelain vessels 
through the whole of the plant.” 

In the manufacture of nitric acid, vitreosil has not yet been 
so extensively used as in the sulphuric acid industry. This is 
mainly due to the fact that the retorts, receivers, etc., now in 
use are somewhat larger than can be made at present. Smaller 




148 


(CHEMICAL WORKS DESIGN AND EQUIPMENT. 


apparatus, however, such as still heads for Valentiner's appara- 
tus (Fi^». 82), Guttmann still heads, built-up pipe ranges, and 
condensers, are manufactured. The disadvantage of stoneware 
for those purposes is its liability to break through temperature 
changes, which is entirely obviated by the use of vitreosil. 



Pipes for condens(5rs, etc., are usually supplied with socket 
joints, the joint being ])r(‘fcrably niad<i with aslxistos cord and 
an acid-proof cement. Flanged pipes are not practicabk' m 
vitreosil, as the expansion or contraction of the bolts or clamps 



is liable to produce a strain at the flange, and so cause 
breakage. Pipes can also be obtained with tapered ends or a 
uniform taper in the length. For certain purposes tapered 
joints offer advantages over sockets. 

The small co-efficient of expansion of fused sihea must 
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always be borne in mind when apparatus is constructed in 
which it is in contact with other materials. Sufficient play 
must be given to the silica to prevent it being compressed by 
the other parts wlieii the apparatus is heated. 

A recent addition to the vitreosil products is a shallow tray, 
Fig. 68, as illustrahid. Th(;se trays present special advantages 
for cascade processes on account of the large heating surface 
they offer to the fire gases. 

Another system of concentration on which advantage has 
been taken of the properties of vitreosil is the Kesgler apparatus. 
The parts of this plant which are at present made in vitreosil 



are the leading-in-pipe, centre pipe, culottes and supports. 
Experience has proved that volvic lava has a tendency to 
gradually disintegrate, especially where the working of the 
plant is intermittent, whereas vitreosil is entirely unaffected. 
The greatest trouble in the working of this plant is experienced 
by the frequent breakages of the porcelain culottes. After a 
series of trials a successful culotte has been produced in viAe- 
osil. These culottes, are slightly modified from the porcelain 
shape, but are quite standard as regards fitting into existing 
plateaux. 

Apparatus for cooling the acid from concentrators are made 
in two types, Figs. 64 and 65. The pot type cooler, Fig. 64, 
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couMRtBof an outer lipped vessel and an inner centre pipe. The 
lipped vOtSHel is seated in an iron or load tank through which 
water is circttJateil The hot acid enters the centre pipe, de- 



Fio. fi5. 


figures relating to a small coi' 
concentrator are of interest ; — 


scends to the bottom, and, pass- 
ing through the slots in the 
pipe, rises between the pipe and 
the walls of the vessel, where 
it is cooled by the circulating 
water outside. The capacity of 
a single pot is from 1 J to 2 tons 
of 1G8 degrees Tw., per twenty- 
four hours, cooled from 269 de- 
grees C. to 40 degrees C. Fig. 
65 shows a coil cooler suitable 
for use with acids containing 
no suspended matter, which is 
highly efficient. As an example 
of the working of these coils 
for acid cooling, the following 
working in conjunction with a 


Area of coil . 

Acid cooled per 24 hours 
Water used per 24 hours 
Temperature acid entering , 
Temperature water entering 
Temperature acid leaving 
Temperature water leaving 


2‘(! square feet. 
1680 lbs. 
nOO gals. 

220 degrees C. 
5 degrees G. 

,20 degrees C. 

19 degrees G. 


Homogeneously Lead-Lined Pipes, etc. 

Lead-lined pipes, coils, worms, etc., arc most useful for mak- 
ing the connections in any acid plant. Such pipes, etc., made 
in any diameter and in lengths up to 20 feet, lead, Lncd inside 
homogeneously, are made by Messrs. Paul Schuetze & Co., of 
Oggersheim, the English agents for whom are Messrs. S. Bornett 
Co. The same firm supply pipes, etc., coated externally, and 
also lead and tin-lined apparatus and vessels similarly treated. 
In practice, this homogeneously treated apparatus has been 
found most useful, and lends itself to a variety of purposes 
which it is scarcely necessary to enumerate. 
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Kestner’s “Climbing-Film” Evaporator. 


The evaporation of liquids is a process that has been known 
for many centuries ; but only in recent years has a careful study 


been made of the principles 
j^overning its working. When 
film evaporation was first intro- 
duced, it was found to effect a 
great economy compared with 
any other form of evaporator 
then known; but it was not 
until the climbing film was in- 
vented that the full possibilities 
of this type of evaporator were 
realized. M. Paul Kestner, of 
Lille, who has had considerable 
experience in film evaporators, 
knew all their limitations, and 
overcame them by means of his 
patent climbing-film apparatus. 

The evaporator has been 
styled a “climbing film” be- 
cause of the climbing of the 
liquids in the tubes. 'rh(‘ climb- 
ing action is shown in Fig. 06. 
As will be seen from this 8k(‘tch, 
the liquid boils m the bottom 
of the tube and is continually 
climbing up the inner surfaces, 
while the centre acts as a pas- 
sage for the steam generated. 
The movement of the liquid 
throui li th(' tube is very rapid, 
while the distribution over the 
surface of the tube is perfect. 
The steam generated acts as an 
invisible core holding the liquid 
close to the tube surface, while 
the continual movement of the 



Fifl. 66, — KcBtoer “ Climbing-Film ” 
EvMiwrator. 

liquid over this heated surface 


gives the circulation required to cause rapid heating and evapora- 
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tion. All the heating surface is of equal value for heating pur- 
poses, and the temperature is under complete control, the result 
being that liquids can be concentrated to any desired degree in 
one passage through the tubes. 

The li(|uid to be concentrated passes through the inside 
of the tubes, while the steam for heating is outside the tubes, 
entering the shell at A. The upper casing, S, forms the; sei)ara- 
tor, and contains the centrifugal baffle, D. The. baffle is so 
designed that it prevents the particles of liquids from ■|)assing 
away with the steam through exhaust outlet B. 'Plu' steam 
which exhausts at B is generated in the tubes by the heat of the 
steam in the shell, and which is admitted at A. When multiph' 
effects are used the stiiam from B is carruul to the inlet A m 
the sluill of the second effei^t ; while the concentrated liquid is 
discharged from L direct to th(' inlet of the second shell. 

Another form of (waporator, and one which may he us('d for 
many purposes, is the direct-fire heati'd tv])(!. Fig. (57 gi\'es an 
illustration of such an installation. The following description 
shows clearly tin* method of working : 'J’he liquid to be concen- 
trated is contained in the tank X, and flows by gravitv into Hit' 
evaporator, through the pipe T. The h(|uid is concentrated in 
one passage through the tubes, aud flows through the pipe L, 
to the tank Y. The steam geiu'raled passes through into the 
separator and exhausts through the opt'umg B, from which it 
can be connected to heaters for heating feed-water, for concen- 
trating in vacuum, etc., etc. In addition to tins, the apjiaratus 
is designt'd so as to take the steam from the o})('ning B, at a 
pressure up to. say, 45 lb. per square inch, so that it can be 
used for similar purposes. The arrangement of the flue and 
the passage of tlie gases are clearly shown. ^J’his gives a very 
economical working plant, as the design of the effect and ar- 
rangement of the tubes are such that all the advantages of a 
steam generator are obtained, as in a modern water-tube boiler. 

There are many works and plants where the Kivers Pollution 
Acts prevents the waste liquids from being returned into rivers, 
and this type of evaporator, being so inexpensive m design and 
simple in construction, meets a w'aiit in that direction that will 
be appreciated by many manufacturers. It has the further 
advantage of being easily erected, and does not require expert 
mechanical knowledge to work it. 
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In another type of 
evaporator the heat 
from the exhaust steam 
on its way from the 
engine to the condenser 
is utilized. The exhaust 
steam from tlu' engine 
is delivered into tlie 
shell of the evapora- 
tor; the heat obtained 
from this steam giving 
tlu! heat required to pro- 
duce till' ni'eessary eva- 
poration. A slight drop 
in vacuum results ; but 
at most about 2 inches. 
Tins would have little 
effect on the economy oi 
the engine ; but wmild 
I'liabb' concentration to 
be carried on at a very 
low c-ost. This neces- 
sitates an evajiorator 
slightly differi'iit from 
the usual “ climbing 
film ” type. It is what 
is termed a downward 
flow ajiparatus, as after 
the usual climbing film 
action takes place, the 
steam passes through 
a series ot down-flow 
tubes into . +he con- 
denser. The condenser 
is coupled up to the ex- 
haust opening in the 
evaporator, and con- 
denses the steam thus 
generated, instead of 
being coupled direct to 


A 
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the main engine. An automatic exhaust relief valve is provided 
80 as to enable the engine to exhaust to atmosphere if required 
at any time. 

When existing installations are overloaded, the question 
often arises as to the best method to extend or increase the out- 
put of the present apparatus. In such a case, the climbing-film 
evaporator can be added to an old-type pan. This can be carried 
out with any design of pan. It is usually the most satisfactory 
arrangement to make the Kestner the first effect; but each 
particular case has to be consid(;red on its own merits, as in 
some instances the effects can be added in parallel with existing 
pans, so as to increase their heating surface and the capacity of 
the whole plant. 

Climbing-film evaporators are usually about HO feet high 
over all. They occupy very little ground space, which is most 
important in works near large towns. 

Water-Driven tJENTRiFUOALs. 

The machines shown in Figs. 08 and 69 represent patent 
water-driven centrifugals fitted with patent interlocking gear. 
As will be seen from the illustrations, the water motor is fixed 
above the framing, and drives the centrifugal basket which is 
below it through an elastic coupling, the basket being fixed 
at the lower end of a vertical spindle which has only one 
bearing. The water motor, which is of the Pelton Whetd 
type, rotatcis on a ball bearing around a fixed spindle. The 
body of the motor (Fig. 09) is carried upwards and is turned 
over the casing with a double flange, upon which the buckets 
are mounted. The flanges prevent the water spray from get- 
ing over the top ; the spent water is thus compelled to flow 
through the return water-pipe, back to the water tank which 
supplies the pump for driving the machine. 

To the bottom of the water motor boss there is bolted a 
driving flange, upon the upper side of which there are mounted 
the governor balls in an oil-tight cavity, partly filled with lubri- 
cating oil, below the upper ball-bearing. The governor balls 
are held in the off position by the governor springs. The arms 
are coupled by a rod passing up the hollow spindle in the centre 
of the motor to a lever working on a fulcrum placed on the top 
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of the motor case cover ; a swivelling crosshead, through which' 
passes the governor rod, is fitted at the outer short end of the 
lever. When the machine attains full speed, the governor 
spindle is moved upwards, and the governor rod is pressed 
downwards, when it acts on a trigger, cutting off the water from 



Fw. 68.— Pfttent Wator-driven Centrifugals by Pott, Cassels.* Williamson. 

one of the two jets — the accelerating jet — which can be seen in 
the illustration, leaving the smaller maintaining jet on the 
opposite side in operation. 

Underneath the beams is the elastic bearing carrying the 
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upper end of the basket spindle ; into this are fitted indiarubber 
bufifer rings, separated from each other by a loose U-shaped 
cast-iron ring. Both top and bottom buffers, therefore, 
support the weight of the centrifugal basket. This patented 



Fkj. 69. — Showing Motor of Water-driven Centrifugals (Pott, Cassels & 
Williaiiihun). 

arrangement of buffers gives great resilience and perfect steadi- 
ness to the machine when running with a balanced or un- 
balanced load, and as the buffers are separated by the loose 
U - shaped cast-iron ring, any wear on the bottom buffer 
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is compensated for. The ball-bearing housing fits inside the 
indiarubber buffers, and contains the compound ball-bearing. 
To permit of the oscillation of the centrifugal spindle and 
basket, the water-wheel above, which does not oscillate, is con- 



Frn. 70. — Wiit<T-<lri\oii Opntrifnf,'alR, lalerlockinff Guar, 
nected to the brake jmlb'y on the top of the centrifugal spindle 
by three links, the ey('-s of which are slipped over the points of 
the drivmg-pins into a groove. The links thus form a strong 
flexible coupling, both simple and effective; the motor or the 



Fio. 71. — Water-driven CentrifuRals. Interlocking Gear. 

centrifugal can be detached, when desired, by slipping off the 
links. 

The brake band is supported by an angle iron, resting on a 
fiange in the suspending bracket, there being thus no pos- 



158 CHEMICAL WOBKS DESIGN AND EQUIPMENT. 

.sibility of the brake drooping unequally. When the brake is 
off, there is an equal space all round between the brake band 
and the brake pulley. 

The interlocking gear is shown in Figs. 70 and 71. This 
works as follows : When the interlocking lever is pushed over 



Ym. 7‘2.-Cryhtalhzation in Motion Plant, by I'ott, CaHHolK A Williamson. 


from right to left (see Fig. 70), it opens the accelerating water 
valve, which is on the left hand of the motor case, and, by 
means of a short connecting link, it opens at the same time the 

maintaining water valve, which is on the right hand of the motor 

case, and so causes the jets shown in the section (Fig. 70), 
on both sides of the water-wheel, to act on the water-wheel cups. 
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When the hand is removed from the accelerating lever, a spring 
is prevented from cutting off the accelerating water valve by 
the point of a small, round, horizontal trigger rod pressing 
against the jaw of a trigger-rod bracket, the trigger rod being 
pulled up into the horizontal position by the governor springs 



Fto.i73. — CryBtallization in Motion Plant, by Pott, CassoU A Williamson. 


■contracting when the machine was stopped the previous time. 
When the machine attains full speed, the governor, as above 
stated, pushes down the governor rod, which, in turn, pushes 
down the trigger rod, when the spring on the accelerating lever 
will shut off the accelerating water valve. The maintaining 
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water valve is not affected by this operation (see l-iig. 71), and 
remains open until it is desir^ to stop the machine, when it is 
shut by hand, and the brake applied. 

Fig. Tl and Fig. 73 represent a crystallization in raohon 
plant, consisting of crystallizers, centrifugals, and mixer, engine, 
screw conveyer under centrifugals, and a dry sugar elevator as 
used in the sugar manufacture. It is illustrated here as embody- 



ing princijdes winch are of interest. The massc^cuite is struck out 
of the vacuum pan into one of the crystallizers, caeli crystallizer 
being of such a capacity as to receive the entire “ strike of the 
pan. The crystallizer stirring gear is then put in motion 
and the contents stirred continuously for a longer or shorter 
period of time, according to the quality of the massecuite. The 
time varies from twelve to twenty-four hours for first massecuite, 
and from one to two days for second massecuite. The contents of 
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the crystallizer, after Iwing stirred for the retpiired time, aj’e 
discharged through a suitable valve into the mixer of the centri- 



fugals, where the massecuihi undergoes a thorough mixing. 
The centrifugals arc; fed through cdiargiiig valves and the; mas- 
11 


75 . Specie! Csntrifnprtl for Mixin? 8nd Dryinsr Anthracene and Naphthalene, by Pott. Cassels «& WiliiamBon. 
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secuite is cured in the usual maimer, the dry sugar being dis- 
charged through the bottom of the centrifugal into the screw 
conveyer and from thence to the dry sugar elevator to the sugar’ 
store. The crystallizers are fitted with friction driving gear, 
which enables any machine to be put in motion or stopped as 
desired, without interfering with the rest of the plant. 

Fig. 74 shows an arrangement of steaming apparatus. 
The inside is used for cleaning or bleaching the material, and the 
outside steaming is for washing the inside of the monitor case. 
The inside steaming pipits are made so that the pipe can be 
lifted out of the basket by means of a swivel joint. This facili- 
tates the removal of the <*,()ntents 

Fig. 75 shows a special centrifugal, for mixing and drying 
anthracene and napthalem*. 'J'he anthracene or napthaleiu' is 
fed into a steam-jacketed mixer, where it is kept at the' d('sir(^d 
temperature during the jn-ocess of mixing. It is then disc.hargea 
into the ciuitrifugal, spun m the usual mannci', steamed, ana 
discharged through the o])i'mng in the bottom of tlx* centrifugal. 

Vacuum Kvajhih vnm kor 8uli*hatk ok Ammonia. 

Fig. 76 shows an improved type of single (effect vacuum 
evaporator for dealing with sulphate of ammonia liquors and 
concentrating thcsi'. 

The evaporators ar<i usually constructed of a special quality 
of copper for withstanding the action of tli<‘ acid, and the heat- 
ing surface is arranged on an improvcHl pnnciph' to ensure the 
highest circulation and the best efficiency. 

The illustration shows the plant fitted wilh a save-all of extra 
large size and area to prevent entrainment, and with a jet con- 
denser exhausted by a set of hell-driven linee-throw pumps. 
The usual practice, however, is to have a single-throw steam- 
driven pump, unless the plant is of very large aviv. 

Wlien the liquors to be dealt with arc specially acid, or con- 
tain too high a percentage of clilormc, the evaporators can be 
constructed of steel, homogeneously lined with lead, which is 
found to bo the most suitable m this case, and the heating sur- 
face is arranged separate from and independent of the evapor- 
ator, with connecting pipes, in one or more units, as found 
desirable. 

Modifications of the same type of evaporator are also supplied 
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for Boap lye, caustic potash and soda, and various other trade 
liquors. 



Pig. j 76, — Vacuum {Evaporator for Sulphate of Ammonia, by Blair, Campbell 
& McLean, Ltd. (Govan). 

Vacuum Drying Plant. 


There areifew, if any, materials requiring drying which can- 
not be most suitably dried in a vacuum — ^provided the vacuum 
be properly applied. Every liquid boils at a certain tempera- 
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ture, according to the pressure existing at the time. The 
greater the pressure, the higher the l)oiling-])oint. If the 
natural pressure of the atmosphere is removtid, it is possible to 
remove the moisture from a body at a much lower temperature 
than under atmospheric conditions, 'rhe rtMluced boiling-point 
has, however, a very important bearing on tbe rapidity of tlu^ 
ojieration, owing to the greater speed with which the lu'at units 
are transmitted from the heating medium (steam, water, ('tc.) to 
the material. Obviously, the greiter the difference in tem])era- 
tiire between these, the greater the quantity of heat transmitted 
in a given tune. 

Nearly every material is advc'rstdy aff<'ct(‘d by exe.essivi' heat- 
ing — either at a high temperature or by prolonged heating 
Consequently, the ideal drying is one of great rapidity and low 
temperaturi'. This combination is, however, not to Ix' found 
under atmospheric conditions -m order to dry rajiidly, the 
hoiling-poiiit of the litplid ingredient must be aiqiroaehed ; this 
means, under ordinary pressun*, a high temperatiiri' and a ])Oor 
product. A vacuum drying jiroperly conducted can, howe\i'r, 
ap])roach the boilingqiomt, I'Vim nnich it in soiiu' cases, and yet 
be merely warm. 

The “Scott" vacuum driers made by "Messrs. (loorgi' Scott 
and Son (Ijondon), Ltd., of Kingsway House', London, W.C., 
and illustrated in Figs. 77 and 78, are design'd to combine in 
one apparatus the full advantages of a ra))id drying at a low' 
temperature. 

The stationary drying apparatus or vacuum stove ( Fig 77) is. 
the form most generally used, and consists of a solidl_\ con- 
structed receptacle fitted with a number of slielvi's, provided 
with a door and suitable exhausting and condensing arrange- 
ments. Siicli an apparatus, to be jiraetical aiul useful, slundd 
be capalile of turning out the jiroduct as unilorin as possible. 
This can only be obtained liy securing staunchnes.s m the sieani 
shelves, an efficient distribution of the steam, and a fri'e clear- 
ance and condensation of the expelled moisture. The interior 
of the stove should lie as free from moist vajiours as possible. 

The body of the stovi* is built up of lu'avily ribbed castings, 
carefully machined at ('very joint. Tin* standard “ Scott " stove 
is supplied in rectangular form, and thus saves all waste spacer 
The liack of the stove is constructed m either case ni mild steel, 



CrENERAL PLANT. 


. 1()5 


and carries the vacuum and steam connections. The door is 
specially constructed in light steel plate, with strong forged rim 



and cross-pieces. I’liis produces a light but strong, easily 
handled door. The shelves are of special grid type, made with- 


Fig. 77. — Vacuum Drying Stove. 
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out any jointing, and tested to 100-lb. pressure per square mob. 
The heating medium, such as steam or hot water, traverses 
every portion of the shelf. The exhausted vapours have frw 
passage at the back of each shelf, and therefore pass rapidly 


A condenser with solid drawn brass tubes is provided, with 
a receiver for containing the liquid driven off from the charge 
during drying, the latter being supplied with inspection httmgs, 
allowing the stream of condensed liquid to be continually under 




Pig. 7H. — Continuous Vacunm Diyiiin Appamtus. ,( J I 

observation, and thus indic-atiug tin* con- I jj 

dition of the material in tlui stove, ^rhe 1 V/ 

vacuum is obtained by iiieans of a voitnial | 

dry pump, with mechanically moved valves. 

The stationary stove is specdally suited " 

for the drying of colours, nitro-compounds, explosives, gutta- 
percha, casein, soap, fine chemicals, and crystals of all kinds. 
Tho Smtt Patent Continuous Dryer, shown in Pig. 78, has 


been designed to provide a drier eomhiniiig the advantages of 
the vacuum stove with the absence of handling. This new 
drier cannot be adapted to the re([uirementH of evciy substance, 
but is specially suitable for continuously producing a dry powder 
direct from the licjuid without intermediate handling. The 
apparatus consists of a suitably constructed chamber furnished 
with endless metallic bands supported and put in moUon by 
driven rollers. These bands are supplied with the liquid to be 
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dried by an automatic spreading device, and pass in their coupse 
over and close to steam- heated surfaces. The speed of the 
machine is regulated so that the material is dry on reaching the 
farther end of the drying chamber, where revolving brushes 
remove the dried material and direct it into a conveyer trough, 
whence it finds its way into one or other of the receivers pro- 
vided, which are discharged and filled alternately. The material 
cannot be overheated by prolonged contact with the heating 
surface, and in this respect the machine has a great advantage 
over the shelf stove. The apparatus while supplied with liquid 
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continues to pi’oduce the one grade of material without inter- 
mi :ss on as long as may be desired. 

These driers, which have been thoroughly tested in actual 
work, are suitable for drying such materials as glue, dye extract, 
tannin extracts, shellac, albumen, etc. 

A type of vacuum drying plant which is in very extensive use 
is that made by Emil Passburg, of Berlin, and supplied in this 
country by Mr. James Livingstone, of 110 Great Haint Helens, 
London, E.C., is illustrated in Fig. 79, which shows a Passburg 
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\acinim dryiii^^-chajiil)ov plant eroctod at Mr. Passhurfij’s works 
]))i<)r to beiiifjf packed for shipment. Many similar plants have 
biM'ii supplied to chemical and colour works. 

The material to he dried is spread evenly upon trays, which 
are placed Ix'tween tlu* heatm*.' shelves in the chamber. The 
swin^inff hm<'ed door is tlu*n closed and tightly secured, and the 
vacuum punif) set to work. The (‘xhaust steam from the steam 
cylinder of the vacuum ]mm]> is used for the beatin^f shelva's. 
and by the tune the wet material has beim warmed to about 
U(b h\ tb(' pump will have obtained a vacuum of ‘2H to ‘2U inches, 
and the moisture is removed raindly by boilm» at this low 
lem])(‘riil me 'I’lu' vapour is drawn to tin* surface condenser, 
wheiv it IS condensed and collects in the base* of the condenser. 
'I'lie a\(U'tini' drymi: time lor colours is from li\e to six hours 

Most materials in a warm, moist condition are injiiriouslv 
afleeted b\ the oxygen in the air, but this action. owiUf.^ to th(‘ 
exclusion of the air. is entin'Iy avoided in the vacuum a])para,tus, 
The vaeiium ]tiiinp only reijuin^s from threi'-tjuarh'rs to one 
hour to maintain the \ae.iiiim. 'I’hese chambers an* adva,n- 
taf^i'ously usi'd for recovi'nii” spirit. I’lu* latest improvement 
in the construction of the ebamberh is that the edt’es of tlu* 
beatiu;Lf shelve-), which used to he riveted and had tlu* sti'am 
inlet and outh't pi])es screwed into them, are now made with 
welded I’d^'es. and tlu* jiipes are wadded to the slielvcs. This 
im}irovenient has done away with the lodgment ol water on the 
bottom of tlu* shelvi's and of air on the top, as the inside of the 
W'l'lded jiijies aie on the same levi'l as the insuh* top and bottom 
of the shelves. Over a hiindn'd I’assbiirj^ chambers liaAi* been 
supplu'd to Uritisb works, and many hundieds to (.'oiitinental 
establishments. 

Till’ shelf (diamber shown is suitable, for colours, chemicals, 
amliiie and other dyes, dextrine and other ^iinis, gambler, fjfliie 
and gelatine, and all kinds of puljis and [lastes, etc. Kotary 
dryers are also supjilied for *4ianular substances, such as starch, 
dextrine, saltpetn*, chalk, soaji-powMi'r, artificial manures, 
etc. 

Tuk SeoiT Tin I'Ll'.- Ki''iu.x'T Kvai’ouator. 

Ki^. d() sliows a fnple-etrcct evaporator hy Messrs. (li*orf,'e 
Scott iV Son (Loudon), Ltd., fitted with a final finishing jiaii for 
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■ €ompletin" to hif^h 8treii{j[ths by the use of exhaust steam— -in 
fact, the whole plant works throughout with exhaust steam. 

The combination shown is a very complete one, as it is 
provided with a Torricelli or barometric self-delivery type 
condenser, a steam-driven displacement pump, the latter l)eing 
combined with the wak'r pump for tlu? condenser, and a dri]) 
water pump for removing the condensed steam from thti effects. 

A. particular feature of this apparatus (of which the makers 
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have about 4000 at work), is the pahait heating system, which 
is m the form of a number of vertical tubes of large and small 
diameter, the large tubes being (‘venly spaced among the smaller 
ones, thus producing an even and very vigorous circulation. 
The tulK^s are. neitlier particularly shoit tubes nor particularly 
long ones, and the makers have come to the (inclusion, after an 
experience which is una])proached by any other firm, that the 
medium between the short and long tulie is the correct thing. 
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The tubes are long enough to produce an efficient circulation, 
and short enough to prevent any possibility of dry spots on the 
heating surface, and also short enough to allow the vapour to 
be freed much more readily than if a longer tube is employed. 
All varieties of these evaporators are made by Messrs. Scott & 
Son, and each is specially designed for its particular duty. 



APPENDIX 1. 

ON THE CHEMICAL ENGINEEK. 

• 

The function of the chemical engineer has now become fairly 
well defined, and his value more clearly appreciated than was 
the case evcm a few years ago. When a chemical manufacturer 
was faced with the problem of the erection of a new works, the 
re-modelling of an old one, or the addition of new plant to his 
(jxisting equipment, it was formerly the custom for him to call 
in one of the (tontractors familiar with general chemical plant, 
and to rely very largely upon him for the carrying out of any 
constructional work that might be required. The chemical con- 
tractor had the advantage of being able to give information as 
to what otlu'r manufacturers were doing in connection with 
any particular type* of plant. Frequently he would be in pos- 
session of drawings prepared by some consulting engineer, and 
could make use of such drawings modified to suit the particular 
case. He might not b(5 an engineer in the real sense of the 
terra. Very frequently he was nothing of the kind, and the 
confidence of the manufacturer was often misplaced, resulting 
in the expenditure of large sums of money on plant, which, in 
practice, proved not suitable for his requirements. Very grad- 
ually, during the last twenty years, it has been recognized by 
chemical manufacturers that the designing of plant for the 
various operations required a peculiar combination of engineer- 
ing and chemical knowledge. In the first place, the materials 
used m the construction of the plant are not those with which 
the average mechanical engineer is familiar ; therefore, it was ob- 
viously necessary that, in addition to some engineering skill, an 
extensive acquaintance with the chemical processes involved in 
any particular branch of manufacture was a necessary qualifica- 
tion in an engineer entrusted with the designing of a chemical 
works. Such a combination of engineering and chemical know- 
( 171 ) 
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.lod"e is raroly possessed by an t'n^ineer ])ure and simple, and 
this fa(;t has led to the evolution of a specialist who combines 
the two branches of scientific ability. It is often said, and that 
most emphatically, that in a large chemical works the most 
important man on the ex(icutiv(‘ staff is the ('iigineer, and in 
support (ff this argiiiiH'iit it is asst'rted that the largest and 
most successful works are lhos(i where competent mechanical 
engnuiers are found at the head of alfairs. ^Flie truth of the 
matter is that {‘ith<T such engineeis liav(' secured a compara- 
tively exte.nsiv(‘ acquaintance' with the chemical operations 
involved, \)r that they have th(' co-o})eration ol an equally 
e,ompetent staff ol works chemists. In many cases, as already 
liinted, tiu' engineer in chargi' has studied tlie chemical side of 
works management, or tlu' chief chemist has devoted much 
attention to the engineenng details ot the plant for which ho is 
responsible. In either of these cases we see thi* chemical eu- 
gino('r in the making The engineer has absorbed sufficient 
chemical knowledge to convert himself into an efficient chemical 
enginei'i', or the works chemist has absorbed sufficient prae.tictal 
engineering to produce the saim* satisfactoiy result. Whether 
it bo that practical engineering, plus the knowledge of chemical 
details, produces tIu' desired specialist, or that technical chem- 
istry, plus engineering knowdedge, results in the same product, 
IS quite immaterial ; either process fn'ijuently ])ro(luces the man 
who IS till' chemical manufacturer's liest hi'Utenant. The secret 
of chemical I'ligineering success is the comhination of the two 
classes of ti'clmical experii'iice. We have known typical ex- 
amples ot both processes of evolution, and the result has been 
equally satisfactory in each mslanee. 



APPENDIX II. 

THK SAW MILL AND B()X-MAKJN(; DEPAJITMENT. 

As an adjunct to a factory where the pi'oduots require to he 
packed in boxes, a saw-inill an<l hox-inakinj' department is ne- 
cessary. Followiiif^' the usual procedure with respect to othcn’ 
manufactured articles, ol passin;^ from the raw material to the 
finished produc-t — m this case th<‘ rou^li timber hein^^ the raw 
material and the finished }>rodncf the boxes — the most suitalile 
aiTangonu'nt is to have the roiif^h timber stored closi; to the 
sidiii}^ where it is nnloadiid. Very few firms buy tlu', timber in 
the lofT, but content themselves with purchasing' it in tlu^ St. 
I’l^tersbui'f^' standard of battens or filanks ; or, where a c-heaper 
supply of tinilx'i' suitable for hox-making is available in the 
shape <if till' rough imds of sleepers, it is common in this latter 
case to buy the timber by the fathom. Leading from this store, 
which will of course be proportioned as to si/e according to the 
output of the factory, the saw-mill is placed next to it. 

A row of cross-cut benches will b(‘ the first machines to lay 
down, as the timber, on leaving the store, is cut up into suitable 
blocks, from which the boards for forming the sides and ends of 
the boxes will be afterwards cut. Ample, room should b(' left 
lietwi'eii these saw-benches, so that in sawing up a plank into 
the various lengths there will lui no risk of one saw-hench foul- 
ing another, and in this eoniu'ction the room reijuired for piling 
the savvn-up. blocks as they arc cut from the planks slionld be 
provided for. 

If the saws are parallel with one another, a pit for taking 
the sawdust may be placed underground, running the whole 
length of the range of saws, and the saws placed over tlie pits 
on gird(’rs. Such an arrangement as this wofild lend itsdf 
most readily to the employment of mechanical means for con- 
veying the sawdust to hoppers where it can be stored for use, or 
llTll) 
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conveyed to boilers where it may be burned as fuel, Where a 
very large quantity of sawdust is made, it might be advisable to 
consider whether it would pay to put down a wood distillation 
plant. Amongst several other uses for sawdust is that of the 
manufacture of fire-lighters, while a good deal is generally dis- 
posed of for local purposes. 

Behind the range of cross-cut saws is placed a further range 
of circular saws, for cutting the rough blocks into suitable 
thicknesses to form the several parts of the boxes. If dove- 
tailing and planing are required, these machines will be next in 
order, but ^or many purposes the boxes are sufficiently finished 
if made up of the timber as it leaves the saw-bench, and it only 
remains for the several parts to Ik* passed on to the box-nailing 
machines. In our suggested plan of a saw-mill, wc have only 
taken into consideration the production of boxes made in the 
rough, and therefore only requiring the saw-benches and box- 
nailing machines to complete the boxes ready for the store. 

As adjuncts to the box-making department, a printing press 
may he required, or a branding department, but these can easily 
be added to the suggested design. 

Wh(|rc electricity is the motive power the counter-shaft for 
the saws may run at a high speed, as there would be no advan- 
tage in reducing the speed from the motor to a counter-shaft, 
and again increasing it to the saws, as most of these will be 
running at from 800 to 1000 revolutions per ininuti'. A counter- 
shaft will be needed for the box-nailing machines, as these 
only run at somtdhmg like sixty to eighty revolutions per 
minute. 

In many factories where the products are packed in boxes, 
and even where a sawmill is installed, it is customary to buy the 
component parts of the boxes all ready for putting together. 
These parts can be purchased either in the rough, or planed or 
dove-tailed, and stamped with name or brand, and in this case it 
is customary to fix a piecework price for the carpenters to put 
the boxes together, prices naturally varying according to the 
amount of labour required, as to whether the box is put together 
with screws, nailed, or the lids strengthened with battens, or 
any additions of this nature. In some cases boxes are made 
with rope handles, in which case the fixing of these is an extra. 
Again, the boxes are sometimes required to be watertight, when 
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they are passed on from the sawmill to the plumber to lead-line^ 
and this operation in some works becomes a large department. 

It will of course be necessary to keep down as far as possible 
the stock of ready-made boxes, as the space occupied by a large 
stock is very great, and in most cases the supply is so well regu- 
lated to the demand as not to cause any great storage to be 
necessary. 

The low cost at which foreign boxes, all ready for making 
up, can be procured, should be carefully taken into considera- 
tion where only a limited supply is required before putting 
down a mill for their production, unless sizes are*apt to vary 
frequently. 

Boxes used in the explosives trade are generally well finished, 
in some cases planed both sides, but in any case planed on one 
side. They are usually dove-tailed and put together with brass 
screws. The commoner boxes are sometimes nailed together 
with copper nails, but no iron nails or screws are permissible. 



APPENDIX IIL 

THE AEKALl, ET(’., WOllKS IIEHUEATION ACT. 

1.- Alk.\l] Works and Ai.kma Waste. 


1. — (J) Every alkali work shall Ix'cari'KMl on in such luaimor 
as to secure the condensation, to the satisfaction of the chief 
iiis])('ctor, of the ninriatic gas (‘volved in such work, to the 
(‘xtent t)l hr) ))(>r centum, and to such an extent that in ('ach 
cubic foot of air, smoke, or chimney gases, escaping from tin 
works into lh(' atmosphere, then* is not contained mori' than one- 
fifth ])art of a grain of muriatic acid. 

(2) 'Pile owner of any alkali work which is carru'd on in 
contravention o1 this section shall he liahk' to a fiin' not (‘xceed- 
ing, in the cas<' of the first otilenci', and in the cas(' of cv('ry 
sLihs(H]uent offence .Cl 00. 

2. — (1) 111 ailditioii to tli(‘ condmisation of muriatic acid gas 
as aforesaid, the owner of every alkali work sliall use flic best 
pi'acticahh' mi'ans for preventing the esca])(' of noxious or 
oheiiKive gasi's hy the exit flue of any a])paiatus used in any 
process carried on m the W’ork, and for preventin'^ the discharge 
of such gases into the atmos]>h<‘r(', wlu'ther directly or by a 
chimney or other outlet, and for rendering such gases where 
discharged harmless and inoffensive, subject to the (|uahfication 
that, on the basis of the amount of the aci<l gas per cubic foot, 
no objection shall lie taken under this section by an inspector to 
any muriatic acid gas in the air, smoke, or gases discharged into 
tlie atmosphere by a cbimiK'y or other outlet where the amount 
of such acid gas in (uich cubic foot of air, smoke, or gases so 
discharged do<’s not (*xceed th<' amount limited by the last 
])receding section. 

(2) If the owner of any alkali work fails, in the opinion of 
tlie court having cognisance of the matter, to use such means, 
lie shall he liable to a fine not exceeding, in the case of the first- 
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offence, £20, and in the case of every subsequent offence, £50, 
with a further sum not exceeding £5 for every day during which 
any subsequent offence has continued. 

3. — (1) Every work of whatever description in which any 
liquid containing either acid or any substance capable of liberat- 
ing sulphuretted hydrogen from alkaji waste cr drainage there- 
from is produced or used shall be carried on in such manner 
that the liquid shall not come in contact with alkali waste, or 
with drainage therefrom, so as to cause a nuisance. 

(2) The owner of any work which is carried on i® contraven- 
tion of this section shall be liable to a fine not exceeding, in 
the case of the first offence, £50, and in the case of every subse- 
quent offence, £100, with a further sum not exceeding £5 for 
every day during which the offence has continued. 

(3) On the request of the owner of any such work as is men- 
tioned in this section the sanitary authority of the district in 
which such work is situate shall, at the expense of such owner 
provide and maintain a drain or channel for carrying off such 
liquid into the sea or into any river or watercourse into which 
the liquid can b(} carried without contravention of the Eivers 
Pollution Act, 187G, as amended by any subsequent enactment ; 
and the sanitary authority shall for the purpose of providing any 
such drain or channel have the like powers as they have for 
providing sewers within or without their district, under the 
Public Health Act. 

(4) Compensation shall be made to any person for any damage 
sustained by him by reason of the exercise by a sanitary authority 
of the powers conferred by this section, and such compensation 
shall be deemed part of the expenses to be paid by the owner 
making the request to the sanitary authority under this section. 

4 __( 1 ) Alkali waste shall not be deposited or discharged 
without the best practical means being used for effectually pre- 
venting any •nuisance arising therefrom. 

(2) Any person who causes or knowingly permits any alkali 
waste to be deposited or discharged in contravention of this 
section shall be liable to a fine not exceeding, in the case of the 
first offence, £20, and in the case of every subsequent offence, 
£50, with a further sum not exceeding £5 for every day during 
which any such subsequent offence has continued. 

5. —Where alkali waste has been deposited or discharged, 
12 
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either before or after the commencement of this Act, and com- 
plaint is made to the chief inspector that a nuisance is occa- 
sioned thereby, the chief inspector, if satisfied of the existence 
of the nuisance, and that it is within the power of the owner or 
occupier of the land to abate it, shall serve a notice on such 
owner or occupier requiring him to abate the nuisance ; and 
if such owner or occupier fails to use the best practicable and! 
reasonably available means for the abatement thereof he shall 
be liable to a fine not exceeding £20, and if he docs not proceed 
to use sucl^ means within such time as may be limited by the 
court inflicting such fine he shall be liable to a further penalty 
not exceeding £5 for every day after the expiration of the time 
so limited during which such failure continues. 

Part II.— Sulphuric Acid, Muriatic Acid, and Other 
Specieied Works. 

6. — (1) Every sulphuric acid work, as defined in paragraph 

(1) of the First Schedule to this Act shall be carried on in such 
manner as to secure the condensation, to the satisfaction of the 
chief inspector, of the acid gases of sulphur or of sulphur and 
nitrogen which are evolve<l in the process of the manufacture of 
sulphuric acid in that work, to such an extent that the total 
acidity of those gases in each cubic foot of residual gases after 
completion of the process, and before admixture with air, smoke, 
or other gases, does not exceed what is equivalent to four grains 
of sulphuric anhydride. 

(2) Every muriatic acid work, as defined in paragraph (8) of 
the First Schedule to this Act, shall be carried on in such man- 
ner as to secure the condensation to the satisfaction of the chief 
inspector of the muriatic acid gas evolved in such work, to such 
extent that in each cubic foot of air, smoke, or chimney gases 
escaping from the work into the atmosphere, there is not con- 
tained more than one-fifth part of a grain of muriatic acid. 

(3) The owner of any sulphuric acid work, or of any muriatic 
acid work which is carried on in contravention of this section, 
shall be liable to a fine not exceeding, in the case of the first 
offence, £50, and, in the case of every subsequent offence, £100. 

7. — (1) The owner of any work specified in the First Sche- 
dule to this Act (hereinafter referred to as a scheduled work) 
shall use the best practicable means for preventing the escape of 
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noxious or offensive gases by the exit flue of any apparatus used 
in any process carried on in the work, and for preventing the 
discharge of such gases into the atmosphere, whether directly 
or by a chimney or other outlet, and for rendering such gases 
where discharged harmless and inoffensive, subject to the 
qualification, that on the basis of the amount of acid gas per 
cubic foot, no objection shall be taken under this section by an 
inspector ; — 

(а) To any muriatic acid gas in the air, smoktJ, or gases dis- 
charged into the atmosphere by a chimney or other ofitlet, where 
the amount of such acid gas in each cubic foot of air, smoke, or 
gases so discharged does not exceed the amount limited by the 
last preceding section. 

(б) To any acid gases in the air, smoke, or gases discharged 
into the atmosphcjre by a chimney or other outlet receiving the 
residual gases from any proc(‘ss for the concentration or dis- 
tillation of sulphuric acid, where the total acidity of such acid 
gases (including those from the combustion of coal) in each 
cubic foot of air, smoke, or gases so discharged does not ex- 
ceed what is equivalent to one grain and a half of sulphuric 
anhydride. 

(2) If the owner of any such work fails, in the opinion of the 
court having cognizance of the matter, to use such means, he 
shall be liable to a fine not exceeding, in the case of the first 
offence, £20, and, in the case of every subsequent offence, £50, 
with a further sum not exceeding £5 for every day during which 
any such subsequent offence has continued. 

8. — (1) An inspector may inquire whether, in any works in 
which aluminous deposits are treated for the purpose of making 
cement, hereinafter called cement works, means can be adopted 
at a reasonable expense for preventing the discharge from the 
furnaces or chimneys of such works into the atmosphere of any 
noxious or offensive gas evolved in such works, or for rendering 
such gas where discharged harmless or inoffensive. 

(2) Where it appears to the Local Government Board that 
such means can be adopted at a reasonable expense, the Board 
may by order require the owners of such works to adopt the 
best practicable means for the purpose, and may by the order 
limit the amount or proportion, in the case of cement works of 
any noxious or offensive gas, which is to be permitted to escape 
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from such works into the chimney or into the atmosphere, and 
may also by the order extend to such works such provisions of 
this Act relating to scheduled works as they think fit. 

(3) An order made under this section shall be provisional 
only, and shall not be of any validity until confirmed by Parlia* 
ment, but wh^n so confirmed shall have full effect, with such 
modification as may be made therein by Parliament ; and the 
expression “ this Act ” when used in this Act shall be deemed 
to include an order so confirmed, so far as is consistent with the 
tenor of that order. 

(4) The Board shall take such steps as they may think fit 
for giving notice to persons interested of the provisions of any 
order made by them under this section before any bill for con- 
firming the same is introduced into Parliament. 

(5) An order made under this section may impose fines for a 
breach of its provisions of like amount as any fines jmposed oy 
this Act for offences against this Act. 

(6) An order made under this section may be repealed, 
altered, or amended by any subsequent order mad(i under this 
section, and confirmed by Parliament. 

Paet III.— (i) Registkation of Woeks. 

0. — (1) An alkali work, a 6ch^^duled work, or cement work, 
shall not be carried on unless it is certified to be registered. 

(2) The work shall be registered in a register containing the 
prescribed particulars, and the regi.ster shall b(' conducted and 
the certificates issued in the prescribed foi m. 

(3) A certificate of registration, if issued at a time when a 
previous certificate is in force, shall bo in force for one year 
after the time when that certificate ceases to be in force, and if 
issued at a time when no previous certificate is in force shall be 
in force until the following first day of April. 

(4) An application for a certificate of registration of a work 
may, in the case of the first registration of that work, be made 
at any time, and an application for any subsequent certificate 
shall be made in the month of January or February. 

(5) A certificate of registration shall be issued on application 
being made in the prescribed manner by the owner of the work, 
if the conditions of registration are complied with, and one of > 
the conditions, in the case of the first registration of an alkali 
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or scheduled work, or the registration of such a work if the 
work has been closed for a period of twelve months previously, 
shall be that the work is at the time of registration furnished 
with such appliances as appear to the chief inspector or, on 
appeal, to the Local Government Board to be necessary in order 
to enable the work to be carried on in accordance with such of 
the requirements of this Act as apply to the work. 

Provided that the Local Government Board may dispense 
with the last-mentioned condition in the case of works erected 
before the commencement of this Act which were not before 
the commencement of this Act required to be registered. 

(6) There shall be charged upon every, such certificate a 
stamp duty of £5 in the case of an alkali work, and of £3 in the 
case of any other work ; and the Commissioners of Inland Eev- 
enue shall issue stamped forms of certificate for the purpose. 

(7) Written notice of any change which occurs in the 
ownership of a work, or in the other particulars stated in the 
register shall within one month after such change be sent by 
the owner to the Local Government Board, and the register 
and the certificate shall be altered accordingly in the prescribed 
manner without charge and without the issue of a new certi- 
ficate. If such notice is not sent as so required, the work shall 
not be deemed to he certified to be registered. 

(8) The owner of a work which has been carried on in con- 
travention of this section shall be liable to a fine not exceeding 
£60. 

(ii) Inspection. 

(10). — 1 The Local Government Board shall, with the ap- 
proval of the Treasury as to numbers and salaries or remunera- 
tion, appoint such inspectors (under whatever title they may fix) 
as the Board think necessary for the execution of this Act, and 
may assign them their duties and award them their salaries or 
remuneration, and shall constitute a chief inspector, and may 
regulate the cases and manner in which the inspectors are to 
execute and perform the powers and duties of inspectors under 
this Act, and may remove such inspectors. 

(2) Notice of the appointment of every such inspector shall 
be published in the ^‘London Gazette,” and a copy of the 
“Gazette” shall be evidence of the appointment. 

(3) The salaries or remuneration of the inspectors, and such 
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expenses of the Execution of this Act as the Treasury may 
sanction, shall be paid out of moneys provided by Parliament. 

(4) A person holding the office of chief inspector or inspector 
shall not be employed in any other work except with the sanc- 
tion of the Local Government Board, 
n. — A person who — 

(a) acts or practises as a land agent ; or 

(b) is engaged or interested directly or indirectly in any 

work to which this Act applies, or in any patent for 
any process or apparatus carried on or used in any 
such work, or in any process or apparatus connected 
with the condensation of acid gases, oi- with the 
treatment of alkali waste, or witli preventing the 
discharge into the atmosphere or rendering harm- 
less or inoffensive any noxious or offensive gas, or 
otherwise with any of the matters dealt with by this 
Act; or 

(c) is employed in or about or in connection with any 

work to which this Act applies, or in any other 
chemical work for gain, 

shall be disqualified to act as an inspector under this Act. 

12. — (1) For the purpose of the execution of this Act, an in- 
spector may at all reasonable times by day and night, without 
giving previous notice, but so as not to interrupt the process of 
the manufacture, 

(a) enter and inspect any work to which, in the opinion 

of the Local Government Board, any of the pro- 
visions of this Act applies; and 

(b) examine any process causing the evolution of any 

noxious or offensive gas, and any apparatus for 
condensing any such gas, or otherwise preventing 
the discharge thereof into the atmosphere, or for 
rendering any such gas harmless or inoffensive when 
discharged; and 

(a) ascertain the quantity of gas discharged into the at- 
mosphere, condensed or otherwise dealt with ; and 

(d) enter and inspect any place where alkali waste is 

treated or deposited, or any liquid containing either 
acid or any other substance Capable of liberating 
sulphuretted hydrogen from alkali waste or drainage 
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therefrom is likely to come into contact with alkali 
waste or drainage therefrom ; and 
(e) apply any such tests and make any such experiments, 
and generally make any such inquiries, as seem to 
him to be necessary or proper for the execution of 
his duties under this Act. 

(2) The owner of any such work shall, on the demand of the 
chief inspector, furnish him within a reasonable time with a 
sketch plan, to 1)0 kept secn't, of those parts of such work in 
which any process causing the evolution of any noxious or offen- 
sive gas or any process for tlie condensation of suc^ gas, or for 
preventing the discharge thereof into the atmosphere, or for 
rendering any such gas harmless or inoffensive when discharged 
is carried on. 

(3) The owner of every such work and his agents shall ren- 
der to every inspector all necessary facilities for entry, inspection, 
examination and testing in pursuance of this Act. 

(4) Every owner of a work in which such facilities are not 
afforded to an inspector as required by this Act, or in which an 
inspector is obstructed in the execution of his duty under this 
Act, and every person wilfully obstructing an inspector in the 
execution of liis duty under this Act, shall be liable on con- 
viction under the Summary Jurisdiction Acts to a fine not 
exceeding £10. 

18. — The chief inspector shall, on or before the 1st day of 
March in every year, make a report in writing to the Local 
Government Board of the proceedings of himself and of the 
other inspectors under this Act, and a copy of such report shall 
be laid before both Houses of Parliament. 

14.— (1) If any sanitary authority apply to the central 
authority for an additional inspector under this Act, and under- 
take to pay a proportion of his salary or remuneration, not 
being less than one-half, the Local Government Board may 
(if they sed fit), with the sanction of the Treasury, appoint 
an additional inspector under this Act, to reside within a con- 
venient distance of the works he is required to inspect; and 
such inspector shall have the same powers and be subject to the 
same power of removal and the same regulations and liabilities 
as other inspectors under this Act. 

(2) The proportion of salary or remuneration aforesaid shall 



184 CHEMICAL WOEKS DESIGN AND EQUIPMENT. 

be paid at prescribed times into the Exchequer, and shall be a 
debt due from the sanitary authority to the Crown. 

(iii) Special Kules. 

15. — (1) The owner of an alkali work, or of a scheduled work, 
may, with the sanction of the central authority, make special 
rules for the guidance of his workmen who are employed in or 
in connection with any process causing the evolution of any 
noxious or offensive gas, or in or in connection with the con- 
densation or other treatment of that gas, and may annex 6nes 
to any violation of such rules, so that the fine for any offence do 
not exceed £2. 

(2) A printed copy of the special rules in force under this 
section in any work shall be given by the owner of that work to 
every person working or employed in or about that work who is 
affected thereby. 

(3) Any fine incurred under this Act in respect of an offenci 
against a special rule may be recovered in accordance with the 
Summary Jurisdiction Acts. 

(iv) Procedube. 

16. — In calculating the proportion of acid to a cubic foot of 
air, smoke, or gases, for the purpose of this Act, such air, smoke, 
or gases shall be calculated at the temperature of 60 degrees 
of Fahrenheit’s thermometer, and at a barometric pressure of 
30 inches. 

17. — The following regulations shall have effect with respect 
to the recovery of fines for offences under this Act other than 
fines recoverable summarily. 

(1) Every such fine shall be recovered by action in the county 
court having jurisdiction in the district in which the offence is 
alleged to have been committed. 

(2) The action shall not be brought without the sanction of 
the central authority, nor by any person other than the chief 
inspector or such other inspector as. the Local Government 
Board may in any particular case direct, nor, except as respects 
a fine for the contravention of the provisions of this Act as to 
the registration of works, after the expiration of three months 
from the commission of the offence, and for the purposes of such 
action the fine shall be deemed to be a debt due to such inspector. 
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(3) The plaintiff in any action for a fine hnder’this Act shall 
be presumed to be an inspector authorized under this Act to 
bring the action, until the contrary is proved by the defendant. 

(4) The court may on the application of either party, appoint 
a person to take down in writing the evidence of the witnesses, 
and may award to that person such remuneration as the court 
thinks just ; and the amount so awarded shall be deemed to be 
costs in the action. 

(5) If either party in any action under this Act, feels ag- 
grieved by the decision or the direction of the court in point of 
Jaw, or on the merits or in respect of the admission or rejection 
of any evidence, he may appeal to the High Court. 

(6) Subject to the provisions of this section, all the enact- 
ments, rules and orders relating to proceedings in actions in 
county courts, and to enforcing judgments in county courts, and 
to appeals shall apply as if the action related to a matter within 
the ordinary jurisdiction of the court. 

18. — (1) In any proceeding under this Act in relation to a fine 
for an offence other than an offence against a special rule : — 

(a) It shall be sufficient to allege that any work is a work 
to which this Act applies, without more ; and 

(b) It shall be sufficient to state the name of the registered 
or ostensible owner of the work, or the title of the firm 
by which the employer of persons in such work is generally 
known. 

(2) A person shall not be subject to a fine under this Act for 
more than one offence in respect of the same work or place in 
respect of any one day. 

(8) Not less than twenty-one days before the hearing of any 
proceeding against an owner to recover a fine under this Act 
for failing to secure the condensation of any gas to the satis- 
faction of the chief inspector, or for failing to use the best 
practicable means as required by this Act, an inspector shall 
serve on the owner proceeded against a notice in writing stating, 
as the case requires, either the facts on which such chief in- 
spector founds his opinion, or the means which such owner 
has failed to use, and the means which, in the chief inspector’s 
opinion would suffice, and shall produce a copy of such notice 
before the court having cognisance of the matter. 

, • (4) A person shall not be liable under this Act to an increased 
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fine in respect of a‘ second offence, or in respect of a third or any 
subsequent offence, unless a fine has been recovered within the 
preceding twelve months against such person for the first of- 
fence or the second or other offence, as the case may be. 

19. — All fines recovered under this Act, other than fines 
recovered suinmainly, shall be paid into the Exchequer. 

20. — The owner of a work in which an offence under this Act 
other than an offence against a special rule has been proved to 
have been cDminittod shall in every case be deemed to have 
committed the offence, and shall bo liable to pay the fine, unless 
he proves to^the satisfaction of the court before which any pro- 
ceeding is instituted to recover such fine, that he has used due 
diligence to comply with and to (uiforce the execution of this Act, 
and that the offence in question was committed, witliout his 
knowledge, consent, or connivance, by some agent, servant, or 
workman, whom he shall name as the a<;tual otfciuder; in 
which case such agent, servant, or workman shall be liable tj 
pay the fine, and proceedings may be taken against him for the 
recovery thereof and of the costs of all proc-eedings which may 
be taken either against himself or against the owner under the 
Act : 

Provided that it shall be lawful for the inspector to proceed 
against the person whom he believes to be the actual offender, 
without first proceeding against the owner, in any case where 
the inspector is satisfied that the owner has used all due dili- 
gence to comply with and to enforce the provisions of this Act, 
and that the offence has been committed by that person without 
the knowledge, consent, or connivance of the owner. 

21. — Any notice, summons, or other document required or 
authorized for the purposes of this Act to be delivered to or 
served on or sent to the owner of any work, may be served by 
post or by delivering the same to the owner, or at his residence 
or works ; and the document shall be deemed to be properly 
addressed if addressed to the registered address of an owner, 
or when required to be served on or sent to the owner of any 
works, if addressed to the owner of the works at the works, with 
the addition of the proper postal address, but without naming 
the person who is owner. 

22. — (1) Where complaint is made to the central authority 
by any sanitary authority, or information is given by any of 
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their oificers or any ten inhabitants of theit district, that any 
work to which this Act applies is carried on (either within or 
without the district) in contravention of this Act or that any 
alkali waste is deposited or discharged (either within or without 
the district) in (jontravention of this Act, and that a nuisance is 
occasioned thereby to any of the inhabitants of their district, 
the central autliority shall make such inquiry into the matters 
complained of, and after the inquiry may direct such proceed- 
ings to be taken by an inspector as they think fit and just. 

(2) The sanitary authority complaining shall if so required 
by the central authority, pay the expense of such iiyjuiry. 

23. — (1) Where a nuisance arising from a discharge of any 
noxious or ofiensive gas or gases is wholly or partially caused by 
the acts or defaults of the owne.rs of several works to which 
any of the provisions of this Act apj)lies, any person injured by 
such nuisance may proceed against any one or more of such 
owners, and may recover damage's from each owner made a 
defendant in proportion to the extent of the contribution of that 
defendant to the nuisance, notwithstanding that the Act or 
default of that defendant would not separately have caused a 
nuisancje. 

(2) This section shall not authorize the recovery of damages 
from any defendant who can produce a certificate from the chief 
inspector that in the works of that defendant the requirements 
of this Act have been complied with when the nuisance arose. 

(v) Miscellaneous. 

24. — Any expenses incurred by a sanitary authority under 
this Act shall be defrayed as general expenses incurred by the 
authority in the execution of the Public Health Act. 

25. — In determining any matter which under this Act is to 
be determined by the chief inspector, the chief inspector may 
found bis opinion on facts disclosed by his own examination, or 
by an examination by any other inspector. 

26. — (1) For a period of three years after the commence- 
ment of this Act, paragraph (5) of section 7 of this Act shall 
apply where the process for the concentration of sulphuric acid 
is that^ known as the overheat pan process, as if in that para- 
graph two grains of sulphuric anhydride were substituted for 
one grain and a half of sulphuric anhydride. 
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(2) For tte purposes of this section “ the overheat pan pro* 
Cess ” means the process in which the concentration of sulphuric 
acid is effected by the passage of the heated gases resulting from 
the combustion of fuel over the surface of the acid. 

27. — (1) In this Act, unless the context otherwise requires, 
the expression “ alkali work ” means every work for — 

(а) the manufacture of sulphate of soda or sulphate of 

potash; or 

(б) the treatment of copper ores by common salt or other 

chlorides whereby any sulphate is formed, or in which 
muriatic acid gas is evolved. The expression “ noxi- 
ous or offensive gas” includes the following gases 
and fumes : muriatic acid ; sulphuric acid ; sul- 
phurous acid, except that arising solely from the 
combustion of coal; nitric acid and acid-forming 
oxides of nitrogen ; sulphuretted hydrogen ; chlorine 
and its acid compounds ; fluorine compounds ; cyr .i- 
ogen compounds ; bisulphide of carbon ; chloride 
of sulphur ; fumes from cement works ; fumes con- 
taining lead, copper, antimony, arsenic, zinc, or 
their compounds; fumes from tar works. 

The expression “owner” includes any lessee, occupier, 
or any other person carrying on any work to which tliis Act 
applies. 

The expression “best practicable means,” where used with 
respect to the prevention of the escape of noxious and offensive 
gases, has reference not only to the provision and the efficient 
maintenance of appliances adequate for preventing such escape, 
but also to the manner in which such appliances are used and 
to the proper supervision, by the owner, of any operation in 
which such gases are evolved. 

The expression “ prescribed” means prescribed by the Local 
Government Board, 

The expression “Local Government Board”, means the 
Local Government Board established by the Local Govern- 
ment Board Act, 1871. 

The expression “central authority ” means as regards Eng- 
land the Local Government Board, as regards Ireland the 
Local Government Board for Ireland, and as regards Scotland 
the Secretary for Scotland. 
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The expression “ sanitary authority ” means any local au- 
thority entrusted with the execution of the Public Health Act. 

The expression “ the Public Health Act ” means, as regards 
England, the Public Health Act, 1875, or, in the case of London, 
the Public Health (London) Act, 1891 ; and, as regards Scot- 
land, the Public Health (Scotland) Act, 1897 ; and, as regards 
Ireland, the Public Health (Ireland) Act, 1878, and includes any 
enactment amending those Acts. 

*(2) Nothing in this Act shall be construed as exempting any 
work from any provisions of this Act applicable to, the work as 
being a work of a certain class or description by reason only 
that the work is subject to other provisions of this Act as being 
e, work of some otlier class or description. 

28. — In the application of this Act to Scotland : — 

(а) Kefcreuces to the Secretary for Scotland shall be 

substituted for references to the Local Government 
Board, and references to the “ Edinburgh Gazette 
shall be substituted for references to the “ London 
Gazette ” ; 

(б) the court of the sheriff or the sheriff substitute of the 

county in which the offence is committed shall be 
the county court, and may award costs to either 
party, and may sentence the offender to imprison- 
ment for any period not exceeding six months, 
unless the fine and costs be previously paid ; and 
any decision or sentence of such sheriff or sheriff- 
substitute shall be subject to review and appeal 
according to law. 

29. — Nothing in this Act shall legalize any act or default 
that would, but for this Act, be deemed to be a nuisance, or 
otherwise be contrary to law, or deprive any person of any 
remedy by action, indictment, or otherwise, to which he would 
have been 'entitled if this Act had not passed. 

30. — The Acts specified in the Second Schedule to this Act 
are hereby repealed to the extent mentioned in the third column 
of the Schedule. 

Provided that 

(a) Nothing in this Act shall affect any certificate, special 
rule, or notice issued, made, or served before the 
commencement of this Act, in pursuance of any 
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enactment bo repealed, but every such certificate, 
special rule, and notice shall continue in force as if 
issued, made, or served in pursuance of this Act ; and 

(i) Nothing in this Act shall affect the tenure of office of 
any inspector appointed under any enactment so 
repealed, but every such inspector shall hold office 
as if appointed under this Act ; and 
(c) Nothing in this Act shall affect any liability of a 
sanitary authority incurred under any enactment 
so repealed to pay any proportion of the salary or 
remuneration of an additional inspector. 

First Schedule. — List op Works. 

(1) Sulphuric acid works, that is to say, works in which the 
manufacture of sulphuric acid is carried on by the lead-chamber 
process, namely, the process by which sulphurous acid is con- 
verted into sulphuric acid by the agency of oxides of nitrogen 
and by the use of a lead-chamber. 

(2) Sulphuric acid (Class II) works, that is to say, works in 
which the manufacture of sulphuric acid is carricjd on by any 
process other than the load-chamber process, and works for the 
concentration or distillation of sulphuric acid. 

(3) Chemical manure works, that is to say, works in which 
the manufacture of chemical manure is carried on and works 
in which any mineral phosphate is subjected to treatment in- 
volving chemical change through the application or use of any 
acid. 

(4) Gas-liquor works, that is to say, works (not being sul- 
phate of ammonia works or muriate of ammonia works) in 
which sulphuretted hydrogen or any other noxious or offensive 
gas is evolved by the use of ammonical liquor in any manufac- 
turing process, and works in which any such liquor is desul- 
phurized by the application of heat in any process connected 
with the purification of gas. 

(5) Nitric acid works, that is to say, works in which the 

manufacture of nitric acid is carried on and works in which 
nitric acid is recovered from oxides of nitrogen. ^ 

(6) Sulphate of ammonia works and muriate of ammonia 
works, that is to say, works in which the manufacture of sulphate 
of ammonia or muriate of ammonia is carried on. 
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(7) Chlorine works, that is to say, works in which chlorine 
is made or used in any manufacturing process. 

(8) Muriatic acid works, that is to say 

(a) Muriatic acid works, or works (not being alkali works 

as defined in this Act) where muriatic acid gas is 
evolved either during the preparation of liquid mu- 
riatic acid or for use in any manufacturing process ; 

(b) tin plate flux works, that is to say, works in which 

any residue or flux from tin plate works is calcined 
for the utilization of such residue or flux, and in 
which muriatic acid gas is evolved ; and 

(c) salt works, that is to say, works (not being works in 

which salt is produced by refining rock salt, other- 
wise than by the dissolution of rock salt at the place 
of deposit), in which the extraction of salt from 
brine is carried on, and in which muriatic acid gas 
is evolved. 

(9) Sulphide works, that is to say, works in wliich sulphu- 
retted hydrogen is evolved by the decomposition of metallic 
sulphides, or in which sulphuretted hydrogen is used in the 
production of such sulphides. 

(10) Alkali waste works, that is to say, works in which 
alkali waste or the drainage therefrom is subjected to any 
chemical process for the recovery of sulphur or for the utili- 
zation of any constituent of such waste or drainage. 

(11) Venetian-red works, that is to say, works for the 
manufacture of Venetian red, crocus, or polishing powder, by 
heating sulphate or some other salt of iron. 

(12) Lead deposit works, that is to say, works in which the 
sulphate of lead deposit from sulphuric acid chambers is dried 
or smelted. 

(13) Arsenic works, that is to say, works for the preparation 
of arsenious acid, or where nitric acid or a nitrate is used in the 
manufacture of an arsenic acid or an arseniate. 

(14) Nitrate and chloride of iron works, that is to say, works 
in which nitric acid or a nitrate is used in the manufacture of 
nitrate or chloride of iron. 

(15) Bisulphide of carbon works, that is to say, works for 
the manufacture of bisulphide of carbon. 

(16) Sulphocyanide works, that is to say, works in which the 
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iDanufacture of any sulphocyanide is carried on by the reaction 
of bisulphide of carbon upon ammonia' or any of its compounds. 

(17) Picric acid works, that is to say, works in which nitric 
acid or a nitrate is used in the manufacture of picric acid. 

(18) Paraffin oil works, that is to say, works in which crude 
shale oil is refined. 

(19) Bisulphite works, that is to say, works in which sul- 
phurous acid is used in the manufacture of acid sulphites of the 
alkalis or alkaline earths. 

(20) Tar works, that is to say, works where gas itar or coal 
tar is distilled or is heated in any manufacturing process. 

(21) Zinc works, that is to say, works in which by the appli- 
cation of heat zinc is extracted from the ore, or from any 
residue containing that metal. 


Second Schedule.— Bepeals. 


Skotion and Chaptsu. 


Shout Title. 


Extent op 11ki>bai. 


44 & 46 Viet., c. 37. 

47 & 48 Vict., c. 
elvii. 


55 & 50 Viet., c. 30. 


The Alkali, etc., Works Uc- The whole Act. 
gnlatiou Act, 1881. 

The Local (lovemmeot The whole Act. 
Board’s Provisional Order 
Confirmation (Salt Works) 

Act, 1884. 

The Alkali, etc.. Works Re- The wliole AcU 
gulation Act, 1H92. 



APPENDIX IV. 

“ WELFAEE WOEK ” OE “ PEOSPEEITY SHAPING 

The authors believe that the documents nsprodijced in the 
following pages, and the particulars which are there given 
respecting what has been termed “ welfare work '* or “ pros- 
perity sharing” will be of interest to many manufacturers. 
They had originally intended to deal with this matter at greater 
length, as they are of opinion that the experituice of those firms 
who have acted as the pioneers of the movement in this country 
has proved beyond all question that such machinery for secur- 
ing efficient and contented workpeople is almost if not quite as 
important as the ordinary plant and machinery of manufacture. 
If a second edition of the present work should be called for, 
they will endeavour to devote such attention to the subject as 
it clearly merits. 

The Co-Partnebship Scheme at Port Sunlight. 

(By the courtesy of Messrs. Lever Bros,, Ltd.) 

One thousand and forty-one employees of Lever Brothers, 
Limited, including directors, managers, salesmen, travellers, 
advertising managers, clerks, workmen, labourers, and others 
(male and female alike, there being no sex barrier or distinction), 
who had qualified under the tenns of the Lever Brothers Co- 
Partnership Scheme, were on July 23, 1909, admitted to co- 
partnership by the distribution among them of the first issue 
of Partnership Certificates of the nominal capital value of 
£113,650. ’ • 

This was the first distribution of partnership certificates 
under the scheme fonnulated by Mr. Iiever at the beginning of 
1909, flind since approved and passed by the shareholders of 
the company. The scheme contemplates the annual distribu- 
tion of partnership certificates to all employes of the company 
13 (193) 
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who have reached the age of twenty-five years, and can show 
a clear record of at least five years’ faithful and loyal service. 
No cash is paid, or financial liability incurred by the employ^, 
and the only obligation devolving on the partner-employes 
is that they sign a form of application for the certificates, which 
embodies an undertaking not to waste time, labour, materials 
or money in the discharge of their duties, but loyally and faith- 
fully to further the interests of Lever Brothers, Limited, its 
associated companies, and their co-partners, to the best of their 
skill and ability. This pledgii of the applicants is in accordance 
with the motto of the Partnership Trust, “ Waste not, want 
not”. 

In each future succeeding year a distribution of partnership 
certificates is intended to be made for amounts equal in par 
value to approximately 10 per cent of the annual salary or 
wag(!S of the employes, to whom they may be continued unt’l 
the holder has accumulatiid the maximum amount obtainable 
in each class according to a scale set out in the Trust Leed. 
This maximum may equal a nominal amount of from two to 
four years’ total salary or wages of the employe. But the 
trustees have the discretion to vary the allotments according to 
the merits of the applicants, the decision of the trustees being 
subject to an appeal in the first place to a representative com- 
mittee, and, ultimately, to the holder of thi^ ordinary shares, or 
in future the majority holders. 

As the scheme, however, has been made retrospective by 
the founder, a goodly number of certificates in the first distribu- 
tion were for amounts based on the primous one, two, three, 
four, five, six, seven, or eight years’ salary or wages of the 
emiiloye. It has been decided by Mr. Lever to date the scheme 
back to the beginning of the present century, so that any 
present employe who was twenty-five years of age in 1901 
and had been five years or over in service at that date, was 
eligible to receive certificates for eight years. 

Of th(! total number of certificates’ issued, 303 were retro- 
spective in respi^ct of eight years or over, forty-two for seven 
years, eighty-one for six, 123 for five, 159 for four, 131 for three, 
ninety-nine for two, and 103 for one year. In subsequent 
distributions the partnership certificates will, as stated above, 
be for amounts representing approximately 10 per cent of the 
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employe’s salary or wages for the previous year ; and the Trust 
Deed provides that in no case shall partnership certificates fpr 
a nominal amount exceeding the total of £500,000 be at any one 
time issued and outstanding, except with the consent in writing 
of the holder of the ordinary shares, or of the majority of the 
ordinary shares, in the company. 

The phrase “issued and outstanding” is explained by a 
provision of the Trust Di'od securing that the partnership cer- 
tificates shall be cancelled whenever the holder ceases to be an 
employ^ of the company. If he leaves the servic.e of the firih 
voluntarily from any other cause than age or peimanent in- 
capacity causcid by ill-h(>alth, his partnership certificate will be 
surrendered. It is also to be cancelled absolutely in case of 
misconduct, flagrant inefficiency, disloyalty, or breach of the 
partn(irship undertaking. On retirement tlirough age or ill- 
health, or superannuation, the jiartnership certificates are to be 
exchangeablt*, on the terms provided under the trust, for 5 per 
cent preferential certificates. The widows of registered holders 
whose partnership certificates are cancelled by death will also 
receive preferential certificates on the same basis. 

In addition to the partnership certificates, ])referential cer- 
tificates have been issued in favour of widows of empioy^.s, and 
in favour of the Divine Service Coiuiuittoe of Christ Church, 
Port Sunlight — the latter under a provision of the new partner- 
ship scheme which enables Mr. Lever, or the future majority 
holder of the ordinary shares, to require “ the allotment of pre- 
ferential certificates to or for the benefit of any institution, the 
object of which shall be the advantage, betterment, or enjoyment 
of persons in the employ of the company, or of the companies 
associated therewith, including Christ Church of Port Sunlight, 
the Day or Sunday Schools, clubs, parks, and the granting of 
scholarships in connection with the children of such persons ”. 
By this provision is emphasized the fact that the new partner- 
ship scheme is the development and continuation of the system 
already in existence at Port Sunlight under the name of pros- 
perity-sharing. Tt has been unaccountably assumed by some 
commentators on the partnership scheme that it will put a stop 
to souft^ of the other forms of prosperity-sharing. This is quite 
erroneous. The previously existing benefits to employes will 
not be affected except in the advantageous way of additional 
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endowment under the provision of the Trust Deed just men- 
tioned. The contributions of the firm to the Old Age Pension 
Fund, the Holiday Fund, the provision of trains and tramway 
cars for the girl-workers not living in the village, the main- 
tenance of baths, rest-rooms, cottage hospital, gymnasium, clubs, 
and other provision for the health and welfare of the staff, the 
payment of continuation school fees, etc., will continue as 
before. ’’riKsre will be no deduction of any kind from either 
wages or existing privileges of the workpeople. “ The advantage 
6f persons in the employ of the company ” is the object of the 
new scheme as declared in the Trust Deed, but with the inten- 
tion, always insisted U})on by the founder, of increasing the 
success of the business, of creating the further prosperity in 
which the workers are to share, alx)ve all of increasing the 
happiness in business of all the workers, and promoting industrial 
welfare and efficiency by the closer rcdationship of capital, 
management, and labour. 

The partnership and preferential certificates will rank for divi- 
dend at the next annual distribution of profits in the following 
manner. I’he dividends of the preference shareholders of the 
company having been paid, the holders of the ordinary' shares 
will take 5 per cent on their capital. The preferential certifi- 
cates will rank for payment of a 5 per cent dividend. When 
this is paid the remaining profits will be shared pro rata bctw’oen 
the ordinary shares and the partnership certificates. 

It will be seen that this is not a profit-shaiing scheme in the 
ordinary acceptance of that term, and it is hoped that by this 
plan of co-partnership the obstacles to success of so many profit- 
sharing schemes will be overcome. According to (Tovernment 
labour statistics, which were published last year, out of 19b 
profit-sharing schemes started in this country between 1865 
and 1895 only fifty-one were known to survive in 1907. Cy the 
provisions of the Lever Brothers’ Co-partnership Trust the em- 
ployes have a gradually accumulating interest, represented by 
partnership certificates, in the prosperity of the business under- 
taking, and in accordance therewith they will share with the 
shareholders in any fluctuation of prosperity, thus suffering loss 
of dividends, and the consequent depreciated value of thek hold- 
ings, proportionately with the ordinary shareholders, but without 
being called upon to make any cash sacrifice out of their salary 
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or wages to make good losses, or to incur any financial liability 
which they would not be in a position to undertake. The 
scheme does not introduce any confusion between the functions 
of management and labour. The interest of the workers cannot 
be alienated, as their certificates cannot be bought or sold or 
mortgaged. Their dividends are absolutely their own, free from 
all control of the management. They may be used to acquire 
further interest in the company by investment in the preference 
shares, or put to any other use at the absolute discretion of the 
holders. The benefits conferred by the certificates cannot be 
varied except by consent of a three-fourths majdtrity of the 
holders. Although it is of the essence of the scheme that the 
partnership certificates themselves shall cease with employment 
and shall not be transferable or heritable, their exchangeability 
for preferential certificates to the holder in case of retirement, 
or to the widow in case of death, insures a substantial addition to 
old-age pension, and to provision for widowhood. As regards 
the children, the partnership certificate holder is naturally in a 
better position to provide for them, and besides the educational 
and social advantages enjoyed by the children living at Port 
Sunlight, “ this business ” (Mr. Lever has said to the employes) 
“ is open for your children to enter. They can come into the 
business if they wish to be associated with it, and provided there 
is a vacancy for them, and earn their own partnership certifi- 
cates in the same way as their fathers have done before them.” 

BoriiNViLLE Works Suggestion Scheme. — Men’s Depart- 
ments. 

{Farliculai's of this scheme are (jwen here by the courtesy of Messrs. Cadbury 
hr os,, TAd.) 

The suggestion scheme has been introduced at Bournville 
with the object of encouraging our employes to make sugges- 
tions concerning the welfare either of the business or themselves. 
Frbm the very commencement of the scheme we have been 
desirous that all at Bournville should take an active interest 
in everything around them. Suggestions are invited on any 
question connected with the efficient working of the business, 
and the following will indicate on what lines they may be 
made : — 
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(1) Improvement in goods : — 

(а) New goods. 

(б) Improved quality. 

(c) Improved appearance, either of goods or their wrap- 
pings. 

(2) Improvement in method of manufacture ; — 

(a) Cheaper methods of manufacture, including the saving 
of material or a reduction of tht; labour cost. 

(h) Hygiene. Improvements which affect cleanliness in 
the methods of production, or in the health, (;omfort, 
or safety of those engaged in manufacturing processes. 

(3) Suggestions appertaining to advertisements or methods 
likely to increase sales. 

(4) Suggestions affecting our social well-being — athletic and 
other clubs, societies, libraries, magazine, etc. 

(5) Any suggestions of whatever character, so long as the y 
bear some relation to, or are connected with, the works at 
Bournville. Awards ranging in value from Tis. upwards are 
made twice yearly, at midsummer and (Christmas, for sugges- 
tions meriting reward. 

Suggestion boxes are fixed in convenient places in nearly all 
the departments, also in dining-room, lodge, youths’ club, and 
pavilion, upon which will be found suggestion books. All com- 
munications should be made by means of these books, the sug- 
gestion written on, or attached to, the form and dropped into 
the box. In case of drawings, etc., send them to the works 
foreman’s office. It is imperative that all particulars at the 
head of form, which bears a distinctivi* number, should be care- 
fully filled in. Forms may be taken from the book and filled in 
at home. These are acknowledged by a weekly notice posted 
on the boards, giving a list of the numbers of suggestions re- 
ceived for consideration. Should any number not appear on 
this list a communication should at oncii be sent to the works 
foreman. 

Those who have left the employ of the firm are entitled to 
prizes for any suggestions made whilst they were here, unless 
they should leave through misconduct. 

When a suggestion is received it is sent to the mentber of 
the committee under whose scope it may come for a report, and 
in no case is the name of the suggester divulged, except in 
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special cases by the consent of the committee. A suggester 
may interview a member of the committee to further explain 
his ideas by stating his desire to do so on the suggestion form. 

Suggestions are considered by the Works Committee, which 
is composed of a director, with representatives of the offices and 
works, and two representatives appointed by the foreman. 

In awarding prizes every effort is made by the committee to 
give each suggestion full consideration, and no prize is awarded 
unless the suggestion has been actually carried out and found 
practicable. The final judging lists are placed before the firm 
for approval. 

A complete record of all the suggestions made by each em- 
ploye, whether accepted or declined, is kept, together with 
prizes awarded. 

Suggesters should not lose sight of the fact that the greatest 
good whi(jh they accomplish by making these suggestions is not 
alone their pecuniary value to the firm, or the monetary prize 
awarded. The real achievement is the development of mental 
and creative power which makes them more valuable and useful 
workmen. 

All suggestions, ideas, etc., are regarded as confidential and 
are the property of the firm. 

Any information required regarding suggestions can be ob- 
tained from the works foreman’s office. 

EniHUTION. 

Messrs. Joseph (Jrosfield & Sons, of Warrington, have done 
much in the way of securing model conditions of labour for 
their workpeople. The following particulars are of interest 

It is a condition of employment that all young persons em- 
])loyed by the firm must have passcul the Sixth Standard at a 
day school. Also, that all young persons shall attend evening 
scho< l (at the firm’s expense when specified conditions are com- 
plied with). 

• Prizes are offered for conduct, progress, and attendance at 
the evening schools, particulars of which are as follows ; — 

^phemc for liemissioii of Fees ami Fayrmnt of Cash Prizes, 

Conditums . — All fees of the Branch Technical Schools for 
th(! session must be paid on or before 30th November next. 
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The fees at the Commercial Institute of either 3s. or 7s. 6d. for 
the session according to the course taken, and the fee at the 
Central Technical Institute of 7s. 6d. have always been payable 
in advance, and will continue to be so. 

The student must make at least 85 per cent, of possible 
attendances, and must sit for the examination at the end of 
the session. 

Students will attend the schools under which their names 
ap[)ear, and will not be allowed to go to any other without 
special permission from the Works General Office. This does 
not apply td those students who have qualified for admission to 
the Central Technical Institute. 

Subject to the above rules, fees will be refunded and the 
following cash prizes will be given: — 

Feea. — For 85 per cent attendances, fee only ; between 90 
per cent and 94 per cent, inclusive fee, plus Is. ; between 9’^ 
per cent and 9fJ per cent, inclusive fee, plus Is. 6d. ; for 100 per 
cent attendances, fee, plus ‘is. 63. 

Prize for Progress : Branch Technical Schools. — If remarks are 
very satisfactory, 3s. 6d. ; if remarks are satisfactory, 3s. 
Central Technical Institute. — If remarks are very satisfactory, 8s. ; 
if remarks are satisfactory, 7s. fid. 

Prizes for Conduct, — If remarks are satisfactory : Central 
Technical Institute, 5s.; Branch Technical Schools, 3s. 

Brass Band. 

The firm supports a Brass Band consisting of twenty-six 
workmen. Each member is provided with uniform and instru- 
ment free, and the firm also pays for a professional instructor. 
Two or three practices are held per week. During the season 
prizes were won to the value of £350 138., including eleven 
first prizes, which was the greatest number won by any one 
band. In addition to numerous contests, the band attends 
social functions when required. 

Swimming. 

All boys and girls in the offices or the works, during the 
sixteenth year of their age, are taught to swim. Two squstds of 
boys go each week during working hours to the Corporation 
Baths in charge of an instructor from the works. The girls go 
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€ach week in one squad, and are taught by an instructress from 
the baths. The time lost, and the cost of the baths and in- 
struction, are borne by the firm. The courses last from June 
to September, and consist of about thirteen lessons. 

Dining Arrangements. 

Dining accommodation is provided for all employes, male 
and female. 

The men’s dining hall measures 111 feet by 52 feet. The 
kitchen, which was opened in 1907, is fitted with modem 
cooking apparatus. Meals are cooked for the workpeople, and 
served at 4d. per head. 

Education of Junior Kmployes at Cadbury Brothers, 
Limited, Boubnville Works. 

Classes of various kinds have been held at the works for 
upwards of eight years. In the summer of 1900 the whole 
•of the educational work was centralized, and the Bournville 
Works Education Committee was formed to assist the firm in 
their endeavours to forward the welfare of the employes in 
iihis direction. The work of this committee is to arrange for 
compulsory attendance at evening classes by all employes 
under 10 years of age, and to encourage attendance by the older 
ones ; also to negotiate with local educational bodies as to proper 
facilities at the various schools in the district, the education of 
the juniors at the evening continuation schools being on broad 
general lines leading up to more specialized instmetion at the 
Technical Schools. The number of employes attending com- 
pulsorily (all under IG years of age) is as follows : — 

190(3-7 430 

1907- 8 

1908- 9 

The number attending voluntarily (between IG and 19 years of 
age) 

190C-7 

1907-8 , . 30r, 

^‘>4 

All these classes are held at the local schools, and are under 
ithe jurisdiction of the local education authority. 
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The compulsory students attend during the winter months 
only, on two evenings a week, for two hours per evening. 

Fees up to 7s. 6d. are returned by the firm to all students 
up to 19 years of age, with reference to whom the head master’s 
report rc attendance, progress, and conduct is satisfactory. 

Fiinployes up to IG years of age are also required to attend 
twice a week at the physical training classes, held at the works 
during work hours, gymnastics once and swimming once. 

The juniors who attend classes com})ulsorily participate in a 
general reward scheme, the rewards (first, 12s. Gd. ; second, lOs. ; 
third, 7s. Gd.) being based on reports from : (1) Works Depart- 
ment, (2) Evening Continuation School, (8) Works Physical 
Training Classes. 

In order to provide classes during the day and evening in 
gymnastics and swimming, a body of managers was formed, 
who regulate the work of the instructors and act generally 
under the Board of Education. This body receives grants 
from the B 9 ard of Education and a subscription from the 
company. .. 

These classes are termed the Bournville Works (’lasses, ^and, 
as the name indicates, are all held at the works. They are as 
follows : — 

(1) Junior Boys’ and Girls’ Gymnastic and Swimming 
Classes, held in the daytime. 

(2) Men’s and Girls’ Evening Gymnastic and Swimming 
Classes. 

(8) Men’s and Girls’ Ambulance Classes. 

(4) Girls’ Gardening Class. 

(5) Men’s and Boys’ Boot Eepairing Classes. 

The total number of individual students attending these 
classes during sesaioii 190G-7 was 1049. Somii attended two or 
three classes. 

No deduction is madt^ from the wagijs of the juniors who 
attend the day classes (No. 1). The firm are of the opinion that 
the renewed energy resultant upon the attendance at these 
classes fully repays them for the time lost by the boys, who are 
paid by the day, the same principle being recognized in con- 
nection with the attendance at the day classes by the junior 
girls, the majority of whom are pieceworkers. 
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Extension of the Bourn ville Works Educational 
Scheme. 

(Extract from ''The Jiournville Tl'oris Alofffizifie," Moy, 190 t)) 

The firm, with the cordial and unanimous approval of the 
heads of the various departments, with whom a special con- 
ference was held on this question in the autumn of last year, 
have now decided that all boys shall attend (wenin/; classes up 
to the age of 18. For the girls, it is recognized that the ma- 
jority leave the works after a few years to look after homes 
of their own. It has been decided that the gills also shall 
attend up to the age of 18, and that their training shall in- 
clude a thorough instruction in housewifery. Such subjects as 
English literature and physical training will, it is hoped, also 
occupy prominent places. 

While boys who are engaged for the factory side of the 
works at the age of 14 will be admitted on the condition that 
they have worked in the higher standards and have good re- 
ports from the (dementary school head master, boys of the same 
age who are engaged for the offices will be recjuired to have 
worked in the ex-seventh standard, and will also have to pass 
an examination set at the works. Those from secondary schools 
who do not leave until they are 10 ytiars of age may be en- 
gaged for th(5 offices, or for the trades in the factory, on con- 
dition that they pass the necessary tests. These boys will be at 
liberty to coiuiiKince attendance at the more advanced classes 
immediately. 

The system proposed is roughly a.H follows : All boys who 
enter the works at the age of 14 will be required to do un- 
skilled work until they reach the age of 1(5, and, whilst doing 
so, will be required to attend evening continuation school and 
phy&ical training classes as at present. At the end of that 
time the ijiost suitable boys will be transfernid to skilled work 
to which they are specially suited, and, if found satisfactory at 
tfie end of a probationary period, will be asktjd to enter into an 
agreement The transfer will depend upon the boy’s health, 
his expressed wish to learn a particular trade, his parent’s con- 
sent,* and satisfactory reports from his foreman and the evening 
school head master. 
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This system of choosing apprentices has been decided upon 
after much deliberation. It is felt that a boy at 14 years 
of age hardly knows what trade he would like to learn. He 
knows so little about the industrial world that, if apprenticed at 
that age to any trade, he may in a year or two think that he 
would have been much wiser to have started in some other line. 
It is generally agreed that promotion should depend not on 
favour, but on merit, and merit alone, and the firm will be able 
to choose, after two years’ personal experience, boys who 
through hard work and constant application to education, are 
best fitted f(5r the various trades. 

The boys transferred will be expected to attend such classes 
as are approved by the Works Education Committee until the 
end of their apprenticeship, which will as a rule extend up to 
the age of 21. They will be paid at a lower rate of wages 
than those not learning a trade, but the deduction will bj 
returned in some cases in the form of tools, and in others in 
such form as may hereafter be determined. 

The apprenticeship system is practically dead. With the 
development of the factory system, and with the growth of 
industrial specialization, the all-round training given to the 
old apprentices is less necessary — both from the point of view 
of the employer and the worker. But while the economy of 
specialization has been in view, the wider economy that is in a 
broad training has been overlooked. It is the value of this 
which the new apprenticeship scheme has recognized. The 
purpose is to teach the workers all that is possible, so that in 
every department all will have the opportunity of becoming 
specially equipped in the class of work in which they are en- 
gaged, while those in the trade sections will receive an unusually 
wide training, owing to the great variety of work undertaken at 
Bournville. 

The most suitable workers, whether apprenticed or not, will 
be given the opportunity of attending day classes, and, in special 
cases, a university or working men’s college for a course of sub- 
jects. For both boys and girls up to sixteen years, of age the 
education given at the evening continuation schools is on broad 
lines, but after that age the boys apprenticed will speciUlize, 
but not narrowly. The remainder will continue on broad general 
lines. 



INDEX. 


Accident Committee at Port Sun- 
light, 35. 

Acid elevatoiH, Kostner, 119. 

,, elevators, Schuetze’s, 124, 
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cal works to, 5. 

Air compressors, 104-8. 

Alkali, etc., Works Regulation Act, 
8, 108. 

Alumimum, 13. 

Ambulauoe arrangements, 34. 

,, brigade, 36. 

,, stations, 35, 36. 

Anthracene and naphthalene, special 
centrifugal for mixing and drying, 
162. 

Ammonia stills, 14. 

,, ,, cast iron, 13, 

Artificial manure — 

Dens, 116. 

Mixers, 116. 

Plant, notes on, 116. 

Sack -holders, for packing, 118. 
Stores for raw material, 117. 

Asliestos, 16. 

Boilee feed pumps, 40. 

„ feed water heater, 40. 

„ house, 39. 

„ house roof, 40. 

„ setting, 40. 
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Boumeville Works Suggestion 
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Box-making department, 21. 

Brass Band, Messrs. Joseph Crosfield 
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Brunner, Mond & Co,, works sur- 
geries, 35. 

Buildings, arrangement of, 18. 
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GaruUa on cast iron, 13. 

Oast iron, analysis of residue, 14. 

„ in construction of chemical 
plant, 12. 


Centrifugal, special, for mixing and 
drying anthracene and naphthalene, 
162. 

Centrifugals, steaming apmratus fhr, 
160. 

„ water-drfVen, 164. 
Chemical engineer, on the, 1K4. 

,, load, old, 12. 

Chimney stack, 39. 

(kial store, 38. 

Co-partnership Scheme, the, at Port 
Sunlight, 185. 

(Jopper, 12. 

Cottages for workpeople, 2. 

Cranes, 20. 

Crosheld, J. & Sons, education of 
workpoojde, 191. 

Crosfield, .1 . & Sons, works fire bri- 
gade, 

Crystallization in motion plant, 168, 
160. 

Dialysis apparatus, 139. 

Dehuo’s filter-press, 126, 128. 
Drainage, 3. 

„ system, 22. 

Drain-pipes, making joints of, 23. 
Drying plant, 163. 

Economiser, 39. 

„ Green’s, 84. 
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„ scheme, Bournville works, 
extension of the. 195. 
Education of Junior Employ6s at 
Boumeville Works, 193. 

Effluents, liming of, 9. 

Electrical fittings, M. 

Electric current, cheap, 7. 
Engine-house, 41. 

Evaporators, Kestner’s " climbing- 
film,” 151. 

Evaporators, vacuum, 162, 168. 
Explosives, denitration apparatus, 
103. 

Explosives — 

“ Dipping ” house, 98. 
Dipping-house roof, 98. 
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Explosives — conti nue^. 

Gun-cotton, 98. 

• „ centrifugals for, 100. 
Nitrating and drying, machine 

for, 101, 102. 

Separation of waste acid, ap- 
pjiratus for, 101. 

Mixing acids, 97. 

Nitrated cotton, treatment of, 99. 
Nitro-glycerine, manufacture of, 
100 . 

Plant, air compressors for, 104. 
Plant, notes tin, 97. 

* Vitriol for, 97. 

Extensions, jtrovision for, 2. 

Fan engine, ‘‘Sentinel Junior,” 49. 
Filter-cloth washing machine, De- 
Imo’s, 13f>. 

„ fixing, 129. 

Filter-plates, Schuler’s porous, 139. 
Filter-press de.sign, 135. 

„ „ the, 120. 

,, ., thorough extraction, 132. 

,, „ UH<M ttf, 120. 

,, presses, wooden, 127. 

Filters, check, 137. 

,, pressure, for acid liquors, 140. 
Fire brigade, works, Crosfiold & Sons, 
34. 

Fire engine, the “Greenwich,” 25. 
Fire hose cupboards, 32. 

Fire protection, complei.o system of, 
29. 

,, pump, combined, 28. 

,, station, 24. 

Flues, 43. 

„ arrangement of, 4. 

Foundations, 1, 23. 

Fused Silica ware, 143. 

Gay-Lussac Tower, the, 78. ^ 

Gas, clu!af», for power and lighting, 7. 
Gaseous effluent from works, 9. 
Geogi-aphical imsition of chemical 
works, 0. 

Glover Tower, the, 75. 

Gun-cotton, 98. 

H OMOOKNfiouHi.Y lined lead pipes, 150. 
Hydrochloric acid, Kestnor’s eleva- 
tion for, 119. 

Hydrochloric acid plant, 87 — 

„ salt cake furnace, 86. 

„ small-scale, 91. 

„ pipes for gase-s, 88. 

„ plant, salt cake pot sot- 

ting, 87. 


Hydrochloric tower packing, 89. 

„ „ woodwork of, 90. 

„ towers, 89. 

„ „ flushing arrange- 

ment for, 90. 

Inquey automatic weighing and re- 
cording machine, 65. 

Kesinkr’b acid elevators, 119-23. 

,, climbing film evaporator, 
151. 

,, elevaUir for hydrochloric 

acid, 119. 

, , , , for nitric acid, 121. 

Lead, 11. 

Lead, chemical, old, 12. 

Load-lined pipes, 1.50. 

Lever Brothers, works surgeries, 
;«■), 

Man'ciieh’XEU Ship Canal, 7. 

Manure, artificial, notes on jilaut for 
manufacture of, 116. 

Materials used in construction. 11. 
Midland railway fire and boiler feed 
pump, 28 

Motor transporli for goods, 7. 

Nitkatk house, 95. 

„ store for, 93. 

Nitric acid, Kestnor'e elevator, 121. 
Nitric acid jilaut. 93 — 

Run-otf trouglis for, 92. 

Small, by Doulton & Co., 95. 
Valentmer, 92. 

Valeutiner process, purajis for, 94. 
“ Vitreosil ” still-huads for, 148. 
Nitric acid still, 93. 

„ ,, worms, 93, 

Osmose, the, 138. 

Paksons’ steam tiu-bmes, 52-64. 
Fho.sphor brouEC, 12. 

Port Sunlight, 6. 

„ „ co-]iartner8hip scheme 

at, 185. 

Power generation, 8. 

Power house, 18, 38. 

Prevailing winds, 5. 

“Prosperity shai'ing,” 185. 

River Conservancy Boards, 9. 

Roads in works, 18. 
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Salt-cake furnace, 86. 

„ pot Betting^ 87. 

Saw-mill, 2 e. 

„ and box -making depart- 
ment, 165. 

Silica ware, fused, 143. 

Site, choice of, 1. 

Steam engines " Sentinel ” compound 
double-acting, 50. 

„ “Sentinel Junior,” 

46-48. 

„ “ Sentinel ” triple ex- 

pansion, 51. 

Steaming apparatus for Centrifugals, 
160. 

Steam pipes, jointing, 43. 

,, raising, 4^1 
, , superheated, 4.3. 

,, turbine, 52. 

„ „ bearings, etc., 60. 

,, „ blades in, .54. 

„ „ coujding of, 58. 

,, „ economy of space by 

use of, 56. 

„ exhaust, 63. 

,, „ governors, 61. 

„ „ installation, 59. 

„ ., Parsons’, 52. 

, , , , vacuum augmentor, 62, 

64. 

„ „ valves, 42. 

Stokers, automatic, 43. 

Stores, general, 19. 

Suggestion scheme, Bourneville 
Works, 189. 

Sulphate of ammonia— 

Drainer, 113. 

Plant, 109. 

Saturator.H, 111. 

Plate-lead, 111. 

Still, 109. 

Stoi-e, 113. 

Sulphuric acid, concentration of, in 
“Vitreosil” vessels, 146. 

Sulphuric acid plant, 70 — 

Acid distributing arrangement for 
towers, 76. 

Acid tank.-< on Glover tower, 75. 
Chamber platform, 70. 

Chambers, columns for support- 
ing, 70, 71. 

Chamber connections, 72. 

,, , [ilatform, 73. 

„ straps, 72. 

Circular chambers, 85. 

Obolers for, 146. 

Denitration and absorbing towers, 
position of, 74. 


Fans, u 86 of, for controlling 
draught, 84. 

Gas trunk, 72. 

Gay-Lussac tower, 78. 

Glover tower, 75. 

,, „ lip of fused Silica, 

77, 146. 

„ „ volvic lava, 84. 

Introduction of liquid nitric acid, 
83. 

Mechanical burners, 82. 

Roofing of, 71. 

“Tower” chambers, 83. 

„ houses, 77. 

,, packing, 76. 

Working floor, 71.* 

“ Vitreosil ” coolers for, 149. 
Swimming at, Messrs. Joseph Cros- 
field & Sons Works, 192. 

Tides, height of, 3. 

Tramway system, 21. 

‘ UllALITE,” 16. 

Vacuum drying plant, 163. 

,, evaporators, 162, 168. 
Valves, steam, 42. 

“Vitreosil,” 143. 

„ ba-sins, 146. 

„ beakeis, 147. 

„ calottes, 146. 

„ coolers for sulphuric acid, 

149. 

„ Glover tower lips and 

gutters, 145. 

„ nitroing arrangement, 

145. 

„ pipoa, 143. 

„ pipes for condenser, 148. 

„ still heads, 148. 

„ trays, 149. 

* „ vessels for Buli>huric acid 

concentration, 146. 

V itriol manufacture, notes on, 79. 

„ plant design and working, re- 
cent developments in, 81. 

Walls, retaining, 24. 

Water Hujiply, 4. 

Water transport for goods, (i. 
Weighing and recording machine, ihe 
Ingrey, 65. 

Weighing machines, 20. 

“Welfare work,” 185. 

Well sinking, 4. 

Workshops, 19, 21. 

Works surgeries, 35. 
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Telegrams and Gables— Telephone— 

“ Cinerary, London London Wall, 3151. 

EMIL PASSBURG. 

VACUUM DRYING AND EVAPORATING 
APPARATA AND SYSTEMS. 

• • • 

OVER 2000 PLANTS IN USE. 

600 f O CHEMICAL & COLOUR WORKS. 

SHORT DRYING TIME. 

LOWEST STEAM CONSUMPTION. 

• • • 

VACUUM DRYING CHAMBERS. 
ROTARY AND DRUM DRYERS. 

Jh'ffhiff Time 10 to 30 Secomts. 

• • • 

VACUUM PANS OF LATEST DESIGN. 

Guaranteed to preuent Incrustation of 
HEATING SURFACES. 

• • • 

STEAM ENGINES. AIR PUMPS. 

COMPRESSORS. RAW OIL MOTORS. 

ICE AND REFRIGERATING PLANTS. 

COMPLETE PLANTS FOR CHEMICAL WORKS. 

Full Particulars from - - - 

JAMES LIVINGSTON, pi.lW, 

DRYING EXPERT, 

30 GREAT SAINT HELENS, LONDON, EtC. 

Representative for the United Kingdom and Colonies. 
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A RE-ISSUE OF 


THE CHEMICAL ESSAYS 

. . OF . . 

CHARLES-WILLIAM SCHEELE. 

Translated from the 

Transactfons of the Academy of Sciences at Stockholm. 
WITH ADDITIONS. 

First Published in English in 1786. The present Edition (1901) consists 
of 300 Pages. Demy 8vo. 

Price ss. net (Post Free, 5s. 6d. Home ; 5s. pd. Abroad). 

IHDUSTRIAL ALCOHOL. 

A Practical Manual on the Production and Use of 
Alcohol for Industrial Purposes and for Use as a 
Heating Agent, as an Illuminant, and as a Source 
of Motive Power 

-BY- 

JOHN GEDDES M'INTOSH. 

Demy 8vo. 250 Pages. With 75 Illustrations in the Te.\t, many 
full page, including Several Plans, and 25 Tables. 

Price 7s. 6d. net (Post Free, 7s. lOd. Home; 8s. 3d. Abroad). 

SEND FOR CATALOGUES, GIVING FULL CONTENTS, TO 

Scott, Greenwood ^ Son, 

8 BBOADWAY, UIDGATE, LONDON, E.C. 
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Sulphate of Aininonia Plants. 



C. & W. WALKER, Ltd., 

MIDLAND IRONWORKS, DONNINGTON, SHROPSHIRE. 

no CANNON STREET. T«Wn»,a • "FORTRESS, Donnln^ton, Salop”. 

LONDON, E.C. I ••FORTRESS, London". 





Blair, Campbell & McLean, 

GOMAVf, GLASGOW. 



Complete Chemical T^lanh. 

Vacuum Evaporators and Stills 

FOR AIX PURPOSBS, 

INCLUDING 

Siearine Stills with Fractionating Condensers, 
WITH OR WITHOUT VACUUM CONNECTIONS, 

CRUDE GLYCERINE RECOVERY AND 
REFINING PLANTS, AUTOCLAVES, 

''Imperial Patent T>r^ing Machines. 

« « # 

MANUFACTURED COPPER AND BRASS 
WORK of every description. 
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AMMONIA 


AND ITS COMPOUNDS: 

rHIilR- MANUFACTURE AND USES. 


Translated from the French of CAMILLE VINCENT. 


Royaf 8ro. 114- pp. 32 lUuHtrntfonH 

Price 6% net (Post Free, 5s. 4d. Home ; 5s. 6d. Abroad). 


Sen^ for Contents of above to - - - 

SCOTT, GREENWOOD & SON, 

8 Broadway, Ludgate, London, E.C. 
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ESTABLISHED 1849. 


Telegfiphic Addrf«i : Ntt. TeltphoM : 

“ Cortin, Newc«itle.«»j-Tyne No. 5S1 Centra 

J. CORTIN, 

Chemical Plant Manufacturer, 

MUSHROOM BRASSWORKS, 

ST. LAWRENCE RI>., 

• NEWCASTLE-ON-TYNE. 



Full Bore Acid Valve. 


SOLE MAKER OF 

CORTIN’S ACID VALVEi,— 
PUMPS, ELEVATORS, TAPS, 
PLUGS and SEATS, SILENT 
HEATERS. 


Lead Burning Apparatus, etc., 


for Chemical Manufacturers. 


ALSO 

Qun-metal, Phosphor Bronze, 
White-metal Castings, 

AND 

FINISHED BRASS GOODS OF 
EVERY DESCRIPTION. 


¥ 

CHEAiai LEAD BURNING A SPECIAUTY. 



Aold Blevator. 
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